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SHEET BEAM-TYPE TESTING APPARATUS 

Field of the Invention 

In semiconductor processes, design rules are now going to 

enter the era of 100 nm, and the production scheme is shifting from 

small-kind mass production represented by DRAM to a multi-kind small 

production such as SOC (silicon on chip) . Associated with this 

shifting, the number of manufacturing steps has been increased, and 

an improved yield of each process is essential, so that testing for 

defects causedby the process becomes important . The present invention 

relates to a charged particle beam suitable for a sheet beam- type 

testing apparatus for testing a wafer after each of steps in a 

semiconductor process, and more particularly, to a sheet beam- type 

testing apparatus using a charged particle beam such as an el^ptron 
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beam, and a semiconductor device manufacturing method and an exposure 
method using the test ing apparatus . o m 
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Background Art m S I — , 

ro 

With the trend of increasingly higher integration of 

v o 

semiconductor devices and finer patterns, a need exists for high 
resolution, high throughput testing apparatuses . A resolution of 100 
nm or less is required for examining defects on a wafer substrate 
of 100 nm design rule. Also, as the amount of testing is increased 
to cause an increase in manufacturing steps resulting from higher 
integration of devices, a higher throughput is required. Further, 
as devices are formed of an increased number of layers, testing 
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apparatuses are required to have the ability to detect defective 
contacts (electric defect ) of vias which connect wires between layers . 
While optical defect testing apparatuses are mainly used at present, 
it is anticipated that electron beam-type defect testing apparatuses 
will substitute for optical defect testing apparatus as a dominant 
testing apparatus in the future from a viewpoint of the resolution 
and defective contact testing capabilities. However, the electron 
beam-type defect testing apparatus also has a disadvantage in that 
it is inferior to the optical one in the throughput. 

For this reason, a need exists for the development of a 
high resolution, high throughput testing apparatus which is capable 
of detecting electric defects. It is said that the resolution of an 
optical defect testing apparatus is limited to one half of the wavelength 
of used light, and the limit is approximately 0.2 |iin in an example 
of practically used optical defect detecting apparatus which uses 
visible light. On the other hand, in electron beam-type systems, 
scanning electron microscopes (SEM) have been commercially available . 
The scanning electron microscope has a resolution of 0 . 1 jim and takes 
a testing time of eight hours per 20 cm wafer. The electron beam-type 
system also has a significant feature that it is capable of testing 
electric defects (broken wires, defective conduction, defective 
conduction of vias, and so on) . However, it takes so long testing 
time that it is expected to develop a defect testing apparatus which 
can rapidly conduct a test. 

0 

Generally, a testing apparatus is expensive and low in 
throughput as compared with other process apparatuses, so that it 
is presently used after critical steps, such as after etching, 
deposition, CMP (chemical -mechanical polishing) planarization 



-3- 



processing, and so on. Now, describing a testing apparatus in 
accordance with an electron beam- type scanning (SEM) scheme, an SEM 
based testing apparatus narrows down an electron beam which is linearly- 
irradiated to a sample for scanning. The diameter of the electron 
beam corresponds to the resolution. On the other hand, by moving a 
stage in a direction perpendicular to a direction in which the electron 
beam is scanned, a region under observation is tow-dimensionally 
irradiated with the electron beam. The width over which the electron 
beam is scanned generally extends over several hundred jam. A secondary 
electron beam generated from the sample by the irradiation of the 
narrowed electron beam (called the "primary electron beam" ) is detected 
by a combination of a scintillator and a photomultiplier 
(photomultiplier tube) or a semiconductor based detector (using PIN 
diodes) . The coordinates of irradiated positions and the amount of 
the secondary electron beam (signal strength) are combined to generate 
an image which is stored in a storage device or output on a CRT (Braun 
tube) . 

The foregoing is the principle of SEM (scanning electron 
microscope) . From an image generated by this system, defects on a 
semiconductor (generally, Si) wafer is detected in the middle of a 
step. A scanning speed, corresponding to the throughput , is determined 
by the amount of primary electron beam (current value) , diameter of 
the beam, and a response speed of a detector. Currently available 
maximum values are 0 . 1 jxm for the beam diameter (which may be regarded 
as the same as the resolution) , 100 nA for the current value, and 
100 MHz for the response speed of the detector, in which case it is 
said that a testing speed is approximately eight hours per wafer of 
20 cm diameter. 
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In the SEM based testing apparatus described above, the 
cited testing speed is considered substantially as a limit . Therefore, 
a new scheme is required for increasing the testing speed, i.e. , the 
throughput . 

Disclosure of the Invention 

The present invention relates to an electron beam apparatus 
suitable for a sheet beam- type testing apparatus, and a semiconductor 
device manufacturing method and an exposure method using the apparatus . 

A first embodiment of the present invent ion provides a image 
projection type electron beam apparatus. For this purpose, the first 
embodiment provides a substrate test ing apparatus , a substrate testing 
method and a device manufacturing method using such a substrate testing 
apparatus, characterized by comprising: 

beam generating means for irradiating an electron beam 
having a particular width; 

a primary electro-optical system for leading the charged 
particle beam to reach the surface of a substrate under testing; 

a secondary electro-optical system for trapping a secondary 
electron beam generated from the substrate and leading the same to 
an image processing system; 

a stage having for transportably holding the substrate with 
a continuous degree of freedom equal to at least one; 

a testing chamber for the substrate; 

a substrate transport mechanism for . transporting the 
substrate into and out of the testing chamber; 

an image processing analyzer for detecting defects on the 

substrate ; 
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a vibration isolation mechanism for the testing chamber; 
a vacuum system for holding the testing chamber at a vacuum; 

and 

a control system for displaying or storing positions of 
defects on the substrate. 

A second embodiment of the present invention provides an 
electron beam apparatus suitable for a testing apparatus for testing 
an object under testing by irradiating the object with an electron 
beam, and a device manufacturing method using the electron beam 
apparatus . 

A second embodiment of the present invention 
provides a testing apparatus comprising: 

an electro-optical device having an electro-optical system 
for irradiating the object under testing with a primary electron beam 
from an electron source to project an image of secondary electrons 
emitted by the irradiation of the primary electron beam, and a detector 
for detecting the secondary electron image projected by the 
electro -optical system; 

a stage device for holding the object under testing and 
moving the object under testing relative to the electro-optical system; 

a mini -environment device for supplying a clean gas to the 
object under testing to prevent dust from attaching to the object 
under testing; 

a working chamber for accommodating the stage device, said 
working chamber being controllable in a vacuum atmosphere; 

at least two loading chambers disposed between the 
mini -environment device and the working chamber, and adapted to be 
independently controllable in a vacuum atmosphere; 
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a loader having a carrier unit capable of transferring the 
object under testing between the mini -environment device and one of 
the loading chambers, and another carrier unit capable of transferring 
the object under testing between the one loading chamber and the stage 
device ; and 

a vibration isolator through which the working chamber and 
the loading chamber are supported. 

Further, the second embodiment of the present invention 
provides a testing apparatus comprising: 

an electro-optical device having an electro-optical system 
for irradiating the object under testing with a primary electron beam 
from an electron source, and for accelerating secondary electrons 
emitted by the irradiation of the primary electron beam with a 
deceleration electric field type objective lens to project an image 
of the secondary electrons, a detector for detecting the secondary 
electron image proj ectedby the electro-optical system, and electrodes 
disposed between the deceleration electric field type objective lens 
and the object under testing for controlling a field intensity on 
the surface of the object under testing which is irradiated with the 
primary electron beam; 

a stage device for holding the object under testing and 
moving the object under testing relative to the electro-optical system; 

a working chamber for accommodating the stage device, said 
working chamber being controllable in a vacuum atmosphere; 

a loader for supplying the object under testing onto the 
stage device within the working chamber; 

a precharge unit for irradiating a charged particle beam 
to the object under testing placed in the working chamber to reduce 
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variations in charge on the object under testing; 

a potential applying mechanism for applying a potential 
to the object under testing; and 

a supporting device supported through a vibration isolator 
for supporting the working chamber. 

In the testing apparatus described above, the loader may 
include a first loading chamber and a second loading chamber capable 
of independently controlling an atmosphere therein, a first carrier 
unit for carrying the object under testing between the first loading, 
chamber and the outside of the first loading chamber, and a second 
carrier unit disposed in the second loading chamber for carrying the 
object under testing between the first loading chamber and the stage 
device . The electron beam apparatus may further comprise a partitioned 
mini -environment space for supplying a clean gas flowing to the object 
under testing carried by the loader to prevent dust from attaching 
to the object under testing, wherein the supporting device may support 
the loading chamber and the working chamber through the vibration 
isolator. 

Also, the testing apparatus may further comprise an 
alignment controller for observing the surface of the object under 
testing for an alignment of the object under testing with respect 
to the electro-optical system to control the alignment, and a laser 
interference range finder for detecting coordinates of the object 
under testing on the stage device, wherein the coordinates of the 
object under testing is determined by the alignment controller using 
patterns formed on the object under testing. In this event, the 
alignment of the object under testing may include rough alignment 
performed within the mini -environment space, and alignment in 
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XY-directions and alignment in a rotating direction performed on the 
stage device. 

Further, the second embodiment of the present invention 
provides a method of manufacturing a device comprising the step of 
detecting defects on a wafer using the foregoing testing apparatus 
in the middle of a process or subsequent to the process. 

A third embodiment of the present invention provides an 
electron beam apparatus for focusing electron beams emitted from a 
plurality of electron beam sources on the surface of a sample through 
an electro-optical system, characterized by comprising: 

a partition wall for separating the electron beam sources 
from the electro-optical system, wherein the partition wall has holes 
in a large aspect ratio for the electron beams to pass therethrough. 

The holes are provided two or more for each of the electron 
beam sources. Each of the holes is formed at a position which swerves 
from the irradiating axis of the beam source. Preferably, the 
partition wall is formed of a material having a high rigidity, and 
the electron beam source and the electro-optical system are attached 
to the partition wall. 

The third embodiment of the present invention also provides 
a device manufacturing method for evaluating a wafer in the middle 
of a process using the electron beam apparatus. 

A fourth embodiment of the present invention provides an 
evaluation apparatus for directing an electron beam into a sample 
using an electrostatic optical system including an electrostatic lens , 
detecting a secondary electron beam generated from the sample by the 
irradiation of the electron beam to form data, and evaluating the 
sample based on the data, characterized in that: 
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electrodes in the electro-optical system are coated with 
a metal having a work function of 5 eV or higher. 

According to this evaluation apparatus , since the electrodes 
or some of the electrodes are coated with a metal having a work function 
of 5 eV or higher, no secondary electron beam will be emitted from 
the electrodes, a discharge will be less likely to occur between 
electrodes, and a breakdown will occur between electrodes less 
frequently. 

Preferably, the metal coated on the electrodes in the 
electrostatic optical system is platinum or an alloy which includes 
platinum as a main material. In this case, as the electrodes or some 
of the electrodes are coated with platinum (work function: 5.3 [eV] ) 
or an alloy which includes platinum as a main material, a smaller 
amount of secondary electron beam will be emitted from the electrodes, 
so that a discharge will be less likely to occur between the electrodes , 
and a breakdown will occur between electrodes less frequently. Also, 
even with the sample being a semiconductor wafer, the platinum coated 
on the electrodes , if attached on a pattern of the semiconductor wafer, 
will not deteriorate transistors, so that it is suitable for testing 
a semiconductor wafer. 

The fourth embodiment of the present invention provides 
an evaluation apparatus for directing an electron beam into a sample 
using an electrostatic optical system including an electrostatic lens , 
detecting a secondary electron beam generated from the sample by the 
irradiation of the electron beam to form data, and evaluating the 
sample based on the data, characterized in that: 

the electrostatic lens includes at least two electrodes 
having potential differences, and insulating materials positioned 
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between the two electrodes for holding the at least two electrodes; 

at least one of the at least two electrodes has a first 
electrode surface having a minimum inter-electrode distance between 
the at least two electrodes, a second electrode surface having an 
inter-electrode distance longer than the first electrode surface, 
and a step between the first electrode surface and the second electrode 
surface in a direction along the at least two electrodes; and 

the insulating material substantially vertically supports 
the second electrode surface and an electrode surface of the other 
electrode between the at least two electrodes, and a minimum creeping 
distance of the insulating material between the at least two electrodes 
is substantially equal to an inter-electrode distance in the supported 
electrode portion. 

According to this evaluation apparatus, the electrodes are 
supported by the insulating material which has long creeping distance , 
so that a discharge between electrodes, and hence a breakdown between 
electrodes can be made less probable. Further, at least one of the 
electrodes is shaped to have the first electrode surface, the second 
electrode surface and the step between these electrode surfaces, so 
that the surface of the insulating material need not be formed with 
crimps, resulting in a lower manufacturing cost. 

Also, since the minimum creeping distance of the insulating 
material between the electrodes is substantially equal to the distance 
between the electrodes in the supported electrode portion, the surface 
of the insulating material is substantially free from ruggedness 
between the electrodes, andagas exhausted from the insulating material 
will not be increased . Therefor the degree of vacuum will not be lowered 
in a beam path of the apparatus . 
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Preferably, the metal coated on the electrodes in the 
electrostatic optical system is platinum or an alloy which includes 
platinum as a main material. In this case, as the electrodes or some 
of the electrodes are coated with platinum or an alloy which includes 
platinum as a main material , a discharge between electrodes , and hence 
a breakdown between electrodes will occur less frequently. Also, even 
with the sample being a semiconductor wafer, the platinum coated on 
the electrodes, if attached on a pattern of the semiconductor wafer, 
will not deteriorate transistors, so that it is suitable for testing 
a semiconductor wafer. 

Further, the fourth embodiment of the present invention 
also provides a device manufacturing method using the evaluation 
apparatus, characterized by evaluating patterns on a semiconductor 
wafer, which is the sample, using the evaluation apparatus in the 
middle of device manufacturing. 

According to this device manufacturing method, by using 
the evaluation apparatus in the middle of device manufacturing, even 
if patterns on the semiconductor wafer , which is a sample, are evaluated, 
the evaluation can be made without breakdown between electrodes in 
the electrostatic optical system. 

A fifth embodiment of the present invention provides an 
electron beam apparatus for irradiating a sample with a primary electron 
beam using a primary optical system, and separating a secondary electron 
beam emitted from the sample from the primary optical system by an 
ExB separator for introduction into a secondary optical system, 
characterized in that: 

the amount of deflection of the secondary electron beam 
by amagnetic field of the ExB separator is twice the amount of deflection 
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by an electric field, and the direction of deflection by the magnetic 
field is opposite to the direction of deflection by the electric field. 

This electron beam apparatus is characterized in that, in 
the electron beam apparatus for irradiating the sample with the primary 
electron beam using a primary optical system, and separating the 
secondary electron beam emit ted from the sample f rom the primary opt ical 
system by the ExB separator for introduction into the secondary optical 
system, the amount of deflection of the secondary electron beam by 
the magnetic f ieldof the ExB separator is twice the amount of deflection 
by an electric field, and the directions of deflection are opposite 
to each other. 

The fifth embodiment of the present invention also provides 
an electron beam apparatus for irradiating a sample with a primary 
electronbeamusing aprimary optical system, and separating a secondary 
electron beam emitted from the sample from the primary optical system 
by an ExB separator for introduction into a secondary optical system, 
characterized in that the amount of deflection of the primary electron 
beam by a magnetic field of the ExB separator is twice the amount 
of deflection by an electric field, and the direction of deflection 
by the magnetic field is opposite to the direction of deflection by 
the electric field. 

This electron beam apparatus is characterized in that the 
amount of deflection of the first electron beam by the magnetic field 
of the ExB separator is twice the amount of deflection by the electric 
field, and the directions of deflection are opposite to each other 
in the electron beam apparatus for irradiating the sample with the 
primary electron beam using a primary optical system, and separating 
the secondary electron beam emitted from the sample from the primary 
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optical system by the ExB separator for introduction into the secondary 
optical system. 

In this event, preferably, the primary electron beam 
comprised of a plurality of beams is formed by the primary optical 
system for irradiating the surface of the sample, and secondary electron 
beams emitted from the samples by the irradiation of the primary electron 
beam comprised of the plurality of beams are detected by a plurality 
of secondary electron beam detectors . 

The aforementioned electron beam apparatus can be available 
in any of a defect testing apparatus, a line width measuring apparatus, 
an alignment accuracy measuring apparatus, and a high time resolution 
potential contrast measuring apparatus. 

Also, the fifth embodiment of the present invention provides 
a device manufacturing method for testing a wafer in the middle of 
a process using the electron beam apparatus. 

A sixth embodiment of the present invention provides an 
electron beam apparatus, characterized by comprising: 

a measuring mechanism for measuring first data indicative 
of rising of a secondary charged particle beam signal waveform when 
a pattern edge parallel in a first direction is moved in a second 
direction in regard to an excitation voltage of an objective lens, 
and second data indicative of rising of the secondary charged particle 
beamsignal waveform when a pattern edge parallel in the seconddirection 
is moved in the first direction; 

means for approximating each of the first data and the second 
data using quadratics, finding an excitation condition for the 
objective lens indicative of a minimum value of each quadratic; and 

means for fitting the objective lens to an algebraic mean 
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of the found excitation condition. 

A plurality of the electron beam apparatuses may be 
positioned opposite to the sample such that respective ones of the 
plurality of primary electron beams are converged by corresponding 
ones of the objective lens simultaneously on different locations on 
the sample. 

Further, preferably, the electron beam apparatus comprises 
means for correcting astigmatism after exciting the objective lens 
using the exciting means with a voltage equal to the algebraic average 
with the pattern being charged, and then evaluating the pattern. 

Also, the sixth embodiment provides an electron beam 
apparatus for converging an electron beam using an electro-optical 
system including an objective lens, and scanning a pattern with the 
electron beam to evaluate the pattern, characterized in that: 

the objective lens comprises a first electrode applied with 
a voltage close to a ground, and a second electrode applied with a 
voltage remote from the ground; 

af ocal lengthof theobjective lens can be changed by changing 
the voltage applied to the first electrode; and 

the exciting means comprises means for changing the voltage 
applied to the second electrode to largely change the focal length 
of the objective lens, and means for changing the voltage applied 
to the first electrode to change the focal length of the objective 
lens in a short time. 

The sixth embodiment of the present invention also provides 
a device manufacturing method for evaluating a wafer in the middle 
of a process using the electron beam apparatus. 

A seventh embodiment of the present invention provides an 
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electron beam apparatus for irradiating an object with an electron 
beam to perform at least one of working, manufacturing, observation 
and testing of the object, comprises: 

a mechanical construction for determining a position of 
an electron beam with respect to the object, a piezoelectric element 
attached to the mechanical construction for receiving a force from 
vibrations of the mechanical construction; and a vibration attenuating 
circuit electrically connected to the piezoelectric element to 
attenuate electric energy output from the piezoelectric element. 

When an ob j ect is irradiated with an electron beam to perform 
at least one of working, manufacturing, observation and testing of 
the object, an external force including a vibration component at a 
resonant frequency of proper vibration applied to a mechanical 
construction causes the mechanical construction to amplify the 
vibration component at a resonant magnification determined by its 
transfer function, and to vibrate. This vibration applies a force 
to the piezoelectric element. The piezoelectric element transduces 
the vibration energy of the mechanical construction into electric 
energy which is output. However, since the vibration attenuating 
circuit attenuates this electric energy, the piezoelectric element 
generates a force to cancel the external force applied to the 
piezoelectric element. In this way, the vibrations generated by the 
mechanical resonance can be canceled to reduce the resonant 
magnification. 

The mechanical construction is a portion or entirety of 
an electron beam applied apparatus which generates problematic 
vibrations, and an arbitrary mechanical construction for aligning 
the electron beam. For example, the mechanical construction may be 
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optics in an optical system for focusing an electron beam on an object, 
a column for containing such an optical system, a supporting stand 
for carrying an object, or optics in an optical system for focusing 
a secondary electron beam generated by irradiating the object with 
the electron beam on a detector, a column for containing such an optical 
system, a column for containing the detector, and so on. 

The vibration attenuating circuit comprises at least 
inductive means as an element having an inductance or an equivalent 
circuit of the element, and the inductive means is connected to the 
piezoelectric element having a static capacitance to form a resonant 
circuit. The inductance of the inductive means is determined with 
respect to the static capacitance of the piezoelectric element such 
that a resonant frequency of the resonant circuit substantially matches 
a resonant frequency of the mechanical construction. 

Preferably, a resistive element is included in the vibration 
attenuating circuit. In this event, the capacitive impedance of the 
piezoelectric element and the inductive impedance of the inductive 
means cancel each other at the resonant frequency, so that the impedance 
of the resonant circuit virtually has only a resistive element. 
Therefore, during resonance, the electric energy output from the 
piezoelectric element is substantially fully consumed by the resistive 
element . 

The seventh embodiment of the present invention also 
provides a semiconductor manufacturing method which comprises a step 
of executing at least one of working and manufacturing of semiconductor 
devices, and observation and testing of semiconductor devices during 
working or finished ones, using the electron beam apparatus. 

According to an eighth embodiment of the present invention, 
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an electrostatic chuck for electrostatically chucking and holding 
a wafer is applied with a voltage which increases or decreases between 
zero volt to a predetermined voltage over time. The electrostatic 
chuck is comprised of a laminate of a substrate, an electrode plate, 
and an insulating layer. A voltage associated with a voltage applied 
to a wafer is applied to the electrode plate to generate an attractive 
force between the wafer and the chuck. The electrode plate is divided 
into a first electrode comprised of a central portion thereof and 
some of a peripheral portion thereof, and a second electrode comprised 
of the remaining portion. The first electrode is first applied with 
a voltage, the wafer is then placed at a low potential or a ground 
potential, and subsequently the second electrode is applied with a 
voltage . 

According to the eighth embodiment of the present invention, 
in a combination of a wafer and the electrostatic chuck for 
electrostatically chucking and holding the wafer, the electrostatic 
chuck is formed of the laminate of the substrate, electrode plate 
and insulating layer, the wafer is applied with a voltage through 
a predetermined resistor or a contact, and the contact is in the shape 
of a needle, the leading end of which comes in contact with the back 
surface of the wafer, or in the shape of a knife edge, the edge of 
which comes in contact with the side surface of the wafer. 

The eighth embodiment of the present invention also provides 
a device manufacturing method for chucking and holding a wafer using 
the electrostatic chuck or the combination. 

A ninth embodiment of the present invention provides an 
apparatus for carrying a sample on an XY stage, moving the sample 
to an arbitrary position in a vacuum, and irradiating the surface 
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of the sample with an electron beam, characterized in that: 

the XY stage comprises a non-contact supporting mechanism 
by means of hydrostatic bearings , and a vacuum sealing mechanism through 
differential pumping; 

a partition is disposed between a location of the sample 
which is irradiated with the beam and a hydrostatic bearing support 
of the stage for reducing a conductance; and 

a pressure difference is produced between an electron beam 
irradiating region and the hydrostatic bearing support. 

According to the ninth embodiment, the non- contact 
supporting mechanism by means of the hydrostatic bearings is applied 
to a supporting mechanism for the XY stage for carrying a sample thereon, 
and the vacuum sealing mechanism through differential exhaust is 
provided around the hydrostatic bearings such that a high pressure 
gas used for the hydrostatic bearing does not leak into a vacuum chamber, 
so that the stage device can demonstrate highly accurate positioning 
performance in vacuum. Further, by forming the partition between the 
electron beam irradiated position and the hydrostatic bearing support 
for reducing the conductance, even if a gas adsorbed on the surface 
of a sliding part of the stage is released each time the sliding part 
of the stage is moved from a high pressure gas section to a vacuum 
environment, the exhausted gas hardly reaches the electron beam 
irradiated position, thereby preventing the pressure at the electron 
beam irradiated position from rising. In other words, the employment 
of the foregoing configuration can stabilize the degree of vacuum 
at the electron beam irradiated position on the surface of the sample, 
and highly accurately drive the stage, thereby making it possible 
to accurately process the sample with the electron beam without 
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contaminating the surface of the sample. 

The part it ion may contain a differential exhaust structure. 
In this event , the partition is placed between the hydrostatic bearing 
support and the electron beam irradiating region, and a vacuum 
evacuation path is routed within the partition toprovide a differential 
pumping function, so that a gas released from the hydrostatic bearing 
support cannot pass through the partition into the electron beam 
irradiating region. In this way, the degree of vacuum at the electron 
beam irradiated position can be further stabilized. 

The partition may have a cold trap function . In this event , 
in a region at a pressure of 10 ~ 7 Pa or higher, main components of 
a residual gas in the vacuum and a gas released from the surface of 
the material are water molecules. Therefore, if the water molecules 
can be efficiently exhausted, a high degree of vacuum can be readily 
maintained with stability. Therefore, a cold trap cooled at 
approximately -100 °Cto-200 °C, if provided in the part it ion, enables 
the released gas generated on the hydrostatic bearing side to be frozen 
and trapped by the cold trap, so that the released gas pass into the 
electron beam irradiating region with difficulty, and the degree of 
vacuum is readily maintained stable in the electron beam irradiating 
region. It goes without saying that the cold trap is effective not 
only for the water molecules but also for removing organic gas molecules 
such as a oil group which is a factor of hampering a clean vacuum. 

Further, the partitions may be disposed at two locations, 
i.e., near the electron beam irradiated position and near the 
hydrostatic bearing. In this event, since the partitions which reduce 
the conductance are disposed at two locations , i.e., near the electron 
beam irradiated position and near the hydrostatic bearing, the vacuum 
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chamber is divided into three chambers consisting of an electron beam 
irradiating chamber, a hydrostatic bearing chamber, and an 
intermediate chamber through small conductance. Then, a vacuum 
evacuation system is configured to set lower pressures from the charged 
particle beam irradiation chamber to the intermediate chamber and 
to the hydrostatic bearing chamber in this order. By doing so, even 
if the released gas causes a rise in pressure in the hydrostatic bearing 
chamber, a pressure fluctuating rate can be suppressed since this 
is a chamber in which the pressure has been initially set high. 
Therefore, fluctuations in pressure to the intermediate chamber are 
suppressed by the partition, thereby making it possible to reduce 
the fluctuations in pressure to a level at which substantially no 
problem arises. 

The gas supplied to the hydrostatic bearings is preferably 
dry nitrogen or inert gas . Also preferably, at least surfaces of parts 
facing the hydrostatic bearings are applied with a surface treatment 
for reducing a released gas . As described above, on the sliding parts 
of the stage exposed to a high pressure gas atmosphere in the static 
pressure bering chamber, gas molecules included in the high pressure 
gas are adsorbed on their surfaces , and as the sliding parts are exposed 
to a vacuum environment, the adsorbed gas molecules are desorbed from 
the surfaces and act as a released gas which deteriorates the degree 
of vacuum. It is therefore necessary, for preventing the deterioration 
of the degree of vacuum, to reduce the amount of gas molecules to 
be adsorbed, and promptly exhaust adsorbed gas molecules. 

For this purpose, it is effective that the hydrostatic 
bearings are supplied with a high pressure gas which is dry nitrogen, 
from which moisture has been sufficiently removed, or a highly pure 
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inert gas (for example, a highly pure nitrogen gas) to remove gas 
components which are adsorbed to a surface with ease and desorbed 
therefrom with difficulty (organic substances, moisture and so on) 
from the high pressure gas. An inert gas such as nitrogen has a 
significantly low surface coverage to a surface and a significantly 
high desorbing speed from the surface, as compared with moisture and 
organic substance. Therefore, when a highly pure inert gas, from 
which moisture and organic components have been maximally removed, 
is used for the high pressure gas, a small amount of gas is released 
even when the sliding parts are moved from the hydrostatic bearing 
chamber to the vacuum environment. Also, since the released gas 
promptly attenuates, the deterioration of the degree of vacuum can 
be reduced. It is therefore possible to suppress a rise in pressure 
when the stage is moved. 

Also effectively, at least surfaces of components, 
particularly, surfaces of parts which reciprocate between a high 
pressure gas atmosphere and a vacuum environment are applied with 
a surface treatment for reducing a released gas. As the surface 
treatment, when a base material is a metal, Tic (titanium carbide) , 
TiN (titanium nitride) , nickel plating, passivation, electrolytic 
polishing, composite electrolytic polishing, glass bead shot, and 
so on are contemplated. When a base material is Sic ceramics, coating 
of concise SiC layer by CVD and so on are contemplated. It is therefore 
possible to further suppress a rise in pressure when the stage is 
moved . 

Also, the ninth embodiment of the present invention provides 
a wafer defect testing apparatus for testing the surface of a 
semiconductor wafer for defects using the electron beam apparatus. 
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Since this can realize the testing apparatus which is highly accurate 
in stage positioning performance and stable in the degree of vacuum 
in the electron beam irradiating region, a testing apparatus which 
has high testing performance and is free from fear of contaminating 
the sample is provided. 

In addition, the ninth embodiment of the present invention 
also provides an exposure apparatus for drawing a circuit pattern 
of a semiconductor device on the surface of a semiconductor wafer 
or a reticle using the electron beam apparatus . Since this can realize 
the exposure apparatus which is highly accurate in stage positioning 
performance and stable in the degree of vacuum in the electron beam 
irradiating region, an exposure apparatus which has high testing 
performance and is free from fear of contaminating the sample is 
provided. 

Furthermore, the ninth embodiment of the present invention 
also provides a semiconductor manufacturing method for manufacturing 
semiconductors using the electron beam apparatus . Since this results 
in manufacturing semiconductors using the apparatus which is highly 
accurate in stage positioning performance and stable in the degree 
of vacuum in the electron beam irradiating region, fine semiconductor 
circuits can be formed. 

A tenth embodiment of the present invention provides an 
apparatus for irradiating an electron beam to a sample carried on 
an XY stage, characterized in that: 

the XY stage is contained in a housing and supported by 
hydrostatic bearings with respect to the housing in a non-contact 
manner; 

the housing containing the stage is evacuated to vacuum; 
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and 

a differential exhaust mechanism is disposed around a 
portion of the electron beam apparatus for irradiating an electron 
beam to the surface of the sample for evacuating a region on the surface 
of the sample in which the electron beam is irradiated . 

In this way, a highpressure gas for the hydrostatic bearings 
leaking into a vacuum chamber is first exhausted through a pipe for 
vacuum evacuation connected to the vacuum chamber . Then, by disposing 
the differential exhaust mechanism around the portion in which an 
electronbeam is irradiated for evacuating a region inwhich the electron 
beam is irradiated, the pressure in the electron beam irradiating 
region is made largely lower than the pressure in the vacuum chamber, 
thereby making it possible to stably achieve a degree of vacuum at 
which the sample can be processed with the electron beam without problem. 
In other words, the sample on the stage can be stably processed with 
the electron beam using the stage having a structure similar to a 
hydrostatic bearing type stage which is generally used in the atmosphere 
(a stage supported by hydrostatic bearings, which does not have a 
differential exhaust mechanism) . 

The gas supplied to the hydrostatic bearings of the XY stage 
is preferably dry nitrogen or a highly pure inert gas. The highly 
pure inert gas is preferably pressurized after exhausted from the 
housing which contains the stage, and again supplied to the hydrostatic 
bearings. In this way, the remaining gas component in the vacuum 
housing is a highly pure inert gas, so that the surface of the 
construction within the vacuum chamber is not susceptible to 
contamination by moisture , oil component and so on . In addition, even 
if inert gas molecules are adsorbed on the surface of the sample, 
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they are promptly desorbed from the surface of the sample if they 
are exposed to the differential exhaust mechanism or a high vacuum 
in the electron beam irradiating region, thereby making it possible 
to minimize the influence on the degree of vacuum in the electron 
beam irradiating region and stabilize the processing on the sample 
with the electron beam. 

The tenth embodiment of the present invention provides a 
wafer defect testing apparatus for testing the surface of a 
semiconductor wafer for defects using the electron beam apparatus. 
It is therefore possible to provide a testing apparatus, at a low 
cost, which is highly accurate in stage positioning performance and 
stable in the degree of vacuum in the electron beam irradiating region. 

The tenth embodiment of the present invention provides an 
exposure apparatus for drawing a circuit pattern of a semiconductor 
device on the surface of a semiconductor wafer or a reticle using 
the electron beam apparatus. It is therefore possible to provide an 
exposure apparatus, at a low cost, which is highly accurate in stage 
positioning performance and stable in the degree of vacuum in the 
electron beam irradiating region. 

The tenth embodiment of the present invention provides a 
semiconductor manufacturing method for manufacturing semiconductors 
using the electron beam apparatus . Since this results inmanuf acturing 
semiconductors using the apparatus which is highly accurate in stage 
positioning performance and stable in the degree of vacuum in the 
electron beam irradiating region, fine semiconductor circuits can 
be formed. 

An eleventh embodiment of the present invention provides 
an electron beam apparatus which comprises a plurality of optical 
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systems each for generating a primary electron beam, converging the 
primary electron beam, scanning the primary electron beam on a sample 
for irradiation, and detecting a secondary electron beam emitted from 
an electron beam irradiated portion of the sample using a detector, 
characterized by comprising a retarding voltage applying unit for 
applying the sample with a retarding voltage , and a function for applying 
an optimal retarding voltage depending on the sample, wherein the 
optical system comprises at least one axially symmetric lens produced 
by working a bulk of insulating material , and having the surf ace applied 
with a metal coating. 

The eleventh embodiment of the present invention also 
provides an electron beam apparatus which has a primary optical system 
for generating a primary electron beam, converging the primary electron 
beam, and scanning theprimary electronbeamona sample for irradiation, 
wherein a secondary electron beam emitted from an electron beam 
irradiated portion of the sample is accelerated, separated from the 
primary optical system by an ExB separator, and detected by a detector , 
characterized by comprising a retarding voltage applying unit for 
applying the sample with a retarding voltage, a charge -up checking 
function unit for checking a charge-up state of the sample, and a 
function for determining an optimal retarding voltage based on 
information output from the charge-up checking function unit to apply 
the retarding voltage to the sample or to change it to an optimal 
beam current . 

The eleventh embodiment of the present invention also 
provides an electron beam apparatus which is characterized by having 
an optical system for irradiating an electron beam to a sample, and 
a charge-up checking function, wherein the charge-up checking function 
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evaluates a distorted pattern or a blurred pattern at a particular 
site of the sample, when the secondary electron beam generated from 
the sample irradiated with the primary electron beam is detected to 
form an image, and evaluates that charge -up is large when the result 
shows that the distorted pattern or the blurred pattern is large. 

The charge-up checking function can apply the sample with 
a variable retarding voltage, and forms an image near a boundary where 
a pattern density largely varies on the sample which is applied with 
at least two retarding voltages, and may have a device for displaying 
the image such that an operator can evaluate the distorted pattern 
or the blurred pattern. 

Also, the eleventh embodiment of the present invention 
provides a device manufacturing method characterized by detecting 
defects on a wafer in the middle of a process using the electron beam 
apparatus . 

A twelfth embodiment of the present invention provides a 
defect testing apparatus for testing a sample for defects, 
characterized by comprising: 

image capturing means for capturing each of images of a 
plurality of regions under testing displaced from one another while 
partially overlapping on the object under testing on the sample; 

means for storing a reference image; and 

defect determining means for comparing the images of the 
plurality of regions under testing captured by the image capturing 
means with the reference image stored in the storage means to determine 
defects on the sample. Here, while the sample under testing may be 
selected from arbitrary ones for which defects can be detected, the 
present invention can produce a distinct effect when a semiconductor 
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wafer is intended. 

In this embodiment, the image capturing means operates to 
capture each of the images of the plurality of regions under testing 
displaced from one another while partially overlapping on the object 
under testing on the sample, and the defect determining means operates 
to compare the images of the plurality of regions under testing captured 
by the image capturing means with the reference image stored in the 
storage means to determine defects on the sample. 

In this way, since the twelfth embodiment of the present 
invention can capture a plurality of images of regions under testing 
at different positions, an image under testing with less discrepancy 
in position with the reference image can be selectively utilized in 
a subsequent process, thereby making it possible to prevent a degraded 
defect detecting accuracy due to misalignment . Moreover, even if the 
sample and the image capturing means is in such a positional relationship 
that a portion of a pattern under testing is normally lost from the 
image region under testing, it is highly likely that the entire pattern 
under testing lies in any of regions covered by the plurality of images 
of the regions under testing displaced from one another, thereby making 
it possible to prevent erroneous detection of defect due to suchpartial 
loss of the pattern. 

The comparing means performs a so-called matching operation 
between each of the captured images of the plurality of regions under 
testing and the reference image, and operates to determine that the 
sample is non-defective if there is substantially no difference between 
at least one image of the plurality of regions under testing and the 
reference image. Conversely, if there is a substantial difference 
between all the images of the regions under testing and the reference 
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image, the sample is determined as defective, thereby detecting defects 
at a higher accuracy. 

In the twelfth embodiment, electron irradiating means is 
further provided for irradiating a primary electron beam to each of 
a plurality of regions under testing to emit secondary electron beams 
from the sample , wherein the image capturing means detects the secondary 
electron beams emitted from the plurality of regions under testing, 
thereby making it possible to sequentially capture the images of the 
plurality of regions under testing. 

Further, the electron irradiating means preferably 
comprises a particle beam source for emitting primary electrons, and 
deflecting means for deflecting the primary electrons, such that a 
primary electron beam emitted from the particle beam source is deflected 
by the deflecting means to sequentially irradiate the primary electron 
beam to the plurality of regions under testing. In this event, since 
the position of an input image can be readily changed by the deflecting 
means, a plurality of images under testing at different positions 
can be captured at a high speed. 

The twelfth embodiment of the present invention also 
provides a semiconductor device manufacturing method which includes 
a step of testing a wafer during working or a finished one for defects, 
using the electron beam apparatus. 

Brief Description of the Drawings 
Fig. 1 is a diagram generally illustrating the configuration 
of a testing apparatus which is a first embodiment of a charged part icle 
beam apparatus according to the present invention; 

Fig. 2 (a) is a plan view of an electron deflection system, 
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and Fig. 2(b) is a cross-sectional view of the same; 

Fig. 3 is a flow chart illustrating an embodiment of a 
semiconductor device manufacturing method according to the present 
invention; 

Fig. 4(a) is a flow chart illustrating a lithography step 
which forms the core of wafer processing steps in Fig. 3, and Fig. 
4 (b) is a flow chart illustrating a wafer testing step in the wafer 
processing steps in Fig. 3; 

Fig. 5 is an elevation illustrating the main components 
of a testing apparatus which is a second embodiment of the charged 
particle beam apparatus according to the present invention, viewed 
along a line A-A in Fig. 6; 

Fig . 6(a) is a plan view of the main components of the testing 
apparatus illustrated in Fig. 5, viewed along a line B-B in Fig. 5, 
and Fig. 6(b) is a diagram illustrating an exemplary modification 
to the configuration illustrated in Fig. 6(a); 

Fig. 7 is a cross-sectional view illustrating an 
mini -environment device in Fig. 5, viewed along a line C-C; 

Fig. 8 is a diagram illustrating a loader housing in Fig. 
5, viewed along a line D-D in Fig. 6(a); 

Fig. 9 [A] and 9 [B] are an enlarged view of a wafer rack, 
wherein Fig. 9 [A] is a side view and Fig. 9 [B] is a cross-sectional 
view taken along a line E-E in Fig. 9 [A] ; 

Figs. 10 [A] and 10 [B] are diagrams illustrating exemplary 
modifications to a method of supporting a main housing; 

Fig. 11 is a schematic diagram illustrating a general 
configuration of an electro-optical device in the testing apparatus 
of Fig. 5; 
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Fig. 12 is a diagram illustrating a potential applying 

mechanism; 

Figs. 13 [A] and 13 [B] show diagrams for explaining an 
electron beam calibration mechanism, where Fig. 13 [A] is a side view 
and Fig. 13 [B] is a plan view; 

Fig. 14 is a schematic explanatory view of a wafer alignment 
controller; 

Fig. 15 is a cross-sectional view generally illustrating 
a third embodiment of the charged electron beam apparatus according 
to the present invention; 

Fig.- 16 is a configuration diagram schematically 
illustrating an evaluation apparatus which is a fourth embodiment 
of the charged electron beam apparatus according to the present 
invention; 

Fig . 17 is a table showing a breakdown occurrence probability 
for each metal; 

Fig. 18 is a perspective view and a cross-sectional view 
of an electrode; 

Fig. 19 is a partial cross-sectional view of the electrode 
illustrated in Fig. 18; 

Fig. 20 is a top plan view and a cross-sectional view of 
the electrode illustrated in Fig. 18; 

Fig. 21 is an enlarged cross-sect ional view of amain portion 
of the electrode illustrated in Fig. 20; 

Fig. 22 is a diagram generally illustrating a fifth 
embodiment of the charged particle beam apparatus according to the 
present invention; 

Fig . 23 is a diagram illustrating in detail the configuration 
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of the electron beam apparatus illustrated in Fig. 22; 

Fig. 24 is a diagram generally illustrating a sixth 
embodiment of the charged particle beam apparatus according to the 
present invention; 

Fig. 25(a) is a graph showing the relationship between a 
negative voltage applied to an objective lens and a rising width of 
an electric signal, and Fig. 25(b) is a diagram for explaining the 
rising width of the electric signal; 

Fig . 26 is a configuration diagram of an electron beam testing 
apparatus which is a seventh embodiment of the charged particle beam 
apparatus according to the present invention; 

Figs. 27 (a) to 27(c) are diagrams generally illustrating 
blocks in a mechanical construction of the electron beam testing 
apparatus illustrated in Fig. 26, where Fig. 27(a) shows the 
relationship between the electron beam testing apparatus and 
coordinate axes; fig. 27(b) shows the proper vibration of a column; 
and Fig. 27(c) shows an actuator attached to cancel the proper 
vibrations ; 

Fig. 28 is a schematic diagram illustrating an actuator 
and a vibration attenuating circuit used in the electron beam testing 
apparatus illustrated in Fig. 26, as well as the configuration of 
an equivalent circuit of a formed series resonant circuit; 

Fig. 29 is a graph showing a transfer function of the column 
in the electron beam testing apparatus illustrated in Fig. 26; 

Fig. 30 is a graph showing the transfer function of the 
column, electric frequency characteristic of the series resonant 
circuit, and a total transfer function in the electron beam testing 
apparatus illustrated in Fig. 26; 



-32- 

Figs. 31(a) to 31(c) are diagrams for explaining a wafer 
testing method according to the present invention, where Fig. 37(a) 
shows pattern defect detection; Fig. 37(b) line width measurement; 
and Fig. 37(c) potential contrast measurement, respectively; 

Fig. 32 is a schematic plan view of an electrostatic chuck 
in an eighth embodiment of the electron beam apparatus according to 
the present invention, i.e., a plan view with a wafer removed to show 
electrodes ; 

Fig. 33 is a schematic vertical cross-sectional view taken 
along a straight line M-M in Fig. 32, a cross-sectional view showing 
a state in which a wafer is carried but not applied with a voltage; 

Figs. 34(a) and 34(b) are time charts of voltages applied 
to electrodes and a wafer; 

Fig. 35 is a block diagram illustrating an exemplary 
configuration of an electron beam apparatus which uses the 
electrostatic chuck illustrated in Fig. 32; 

Figs. 3 6 [A] and 36 [B] are diagrams illustrating a vacuum 
chamber and an XY stage of a conventional electron beam apparatus, 
where Fig. 3 6 [A] is a front view and Fig. 36 [B] is a side view; 

Fig. 37 is a diagram for explaining a differential pumping 
mechanism in Fig. 36; 

Figs. 3 8 [A] and 38 [B] are diagrams illustrating a vacuum 
chamber and an XY stage in a ninth embodiment of the charged particle 
beam apparatus according to the present invention, where Fig. 3 8 [A] 
is a front view and Fig. 38 [B] is a side view; 

Fig. 3 9 is a diagram illustrating a vacuum chamber and an 
XY stage in a first exemplary modification to the ninth embodiment 
of the present invention; 
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Fig. 40 is a diagram illustrating a vacuum chamber and an 
XY stage in a second exemplary modification to the ninth embodiment 
of the present invention; 

Fig. 41 is a diagram illustrating a vacuum chamber and an 
XY stage in a third exemplary modification to the ninth embodiment 
of the present invention; 

Fig. 42 is a diagram illustrating a vacuum chamber and an 
XY stage in a fourth exemplary modification to the ninth embodiment 
of the present invention; 

Fig. 43 is a schematic diagram showing an example of an 
optical system and a detection system disposed in a column illustrated 
in Figs. 38 - 42; 

Fig. 44 is a diagram illustrating a vacuum chamber and an 
XY stage in a tenth embodiment of the charged particle beam apparatus 
according to the present invention; 

Fig. 45 is a diagram illustrating an example of a differential 
pumping mechanism disposed in the apparatus illustrated in Fig. 44; 

Fig. 46 is a diagram illustrating a gas circulation piping 
system installed in the apparatus illustrated in Fig. 44; 

Fig. 47 is a schematic diagram of an optical system in an 
eleventh embodiment of the charged electron beam apparatus according 
to the present invention; 

Fig. 48 is a diagram illustrating a state of arrayed columns 
of the electron beam apparatus illustrated in Fig. 47; 

Fig . 49 is a diagram for explaining a site at which charge-up 
is evaluated, and an evaluation method; 

Fig. 50 is a schematic configuration diagram of a defect 
testing apparatus which is a twelfth embodiment of the charged particle 
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beam apparatus according to the present invention; 

Fig. 51 is a diagram illustrating examples of a plurality 
of images under testing captured by the defect testing apparatus of 
Fig. 50 and a reference image; 

Fig. 52 is a flow chart illustrating the flow of a main 
routine of wafer testing in the defect testing apparatus of Fig. 50; 

Fig. 53 is a flow chart illustrating in detail the flow 
of a subroutine for a step of acquiring data on a plurality of images 
under testing (step 1904) in Fig. 52; 

Fig. 54 is a flow chart illustrating in detail the flow 
of a subroutine for a comparing step (step 1908) in Fig. 52; 

Fig. 55 is a diagram illustrating a specific example of 
the configuration of a detector in the defect testing apparatus in 
Fig. 50; and 

Fig. 56 is a diagram conceptually illustrating a plurality 
of regions under testing which are shifted in position from one another 
while partially overlapping with one another on the surface of a 
semiconductor wafer. 

Best Mode for Implementing the Invention 
In the following, a variety of embodiments of a charged 
electron beam apparatus according to the present invention will be 
described for an electron beam-type apparatus which is taken as an 
example. Any embodiment is suitable for use in a sheet beam-type 
testing apparatus. 

Embodiment Relating to Overall Structure of Apparatus (First 
Embodiment) 
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A first embodiment of the charged particle beam apparatus 
according to the present invention relates to an electron beam- type 
image projection system, so that the image projection system will 
be described first. 

The image projection system involves collectively 
irradiating a region under observation on a sample with a primary 
electron beam, i.e. , irradiating a fixed area without scanning, and 
focusing a secondary electron beam from the irradiated region 
collectively on a detector (a combination of a micro-channel plate 
and a fluorescent plate) through a lens system as an image of the 
secondary electron beam. This image is transduced into an electric 
signal by a two-dimensional CCD (solid-state imager device) orTDI-CCD 
(line image sensor) to output on a CRT or to store in a storage device. 
From this image information, defects on the sample wafer (a 
semiconductor (Si) wafer in the middle of a process) are detected. 
With a CCD, a stage is moved in the minor axis direction or major 
axis direction, and movements are made on a step-and-repeat basis. 
With TDI-CCD, the stage is continuously moved in an integrating 
direction. Since the TDI-CCD can sequentially capture images, the 
TDI-CCD is used when a defect testing is conducted continuously. The 
resolution is determined by a scaling factor, accuracy and so on of 
a focusing optical system (secondary optical system) , and the 
resolution of 0.05 jam has been achieved, by way of example. In this 
event, with the resolution of 0.1 jim, when 1.6 pA is applied to an 
area of 200 jam x 50 jam as an electron beam irradiating condition, 
approximately one hour of testing time is required for every 20 cm 
wafer, which is faster than the SEM system by a factor of eight. The 
specifications of the TDI-CCD used herein define 2048 pixels x 512 
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stages, and a line rate at 3.3 microseconds (line frequency at 3 00 
kHz) . While the irradiated area in this example is fitted to the 
specifications of the TDI-CCD, the irradiated area may be changed 
depending on an object under irradiation. 

Now, the relationship between main functions of the image 
projection system, and its general figure will be described with 
reference to Fig. 1. In Fig. 1, the testing apparatus has a primary 
column2001, a secondary column 2002 , and a chamber 2003 . Intheprimary 
column 2001, an electronic gun 2004 is arranged, and a primary optical 
system 2005 is positioned on the optical axis of an electron beam 
(primary electron beam) emitted from the electron gun 2004. In the 
chamber 2003, in turn, a stage 2006 is arranged, and a sample 2007 
is carried on the stage 2006. 

On the other hand, in the secondary column 2002, a cathode 
lens 2008, a numerical aperture (NA) 2009, a Wien filter (ExB filter) 
2010, a second lens 2011, a field aperture 2012, a third lens 2013, 
a fourth lens 2014, and a detector 2015 are positioned on the optical 
axis of a secondary electron beam generated from the sample 2007. 
The numerical aperture 2009, which corresponds to a diagram, is made 
of a thin plate of metal (Mo or the like) formed with a circular hole 
extending therethrough, and is positioned such that its opening is 
at a convergence position of the primary electron beam as well as 
a focus position of the cathode lens 2008. Therefore, the cathode 
lens 2008 and the numerical aperture 2009 constitute a telecentric 
electro -optical system. 

The output of the detector 2015 is input to a control unit 

2016, while the output of the control unit 2016 is input to a CPU 

2017. A control signal of the CPU 2017 is input to a primary column 
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control unit 2018, a secondary column control unit 2019, and a stage 
driving mechanism 2020 . The primary column control unit 2018 controls 
a lens voltage for the primary optical system 2005, while the secondary 
column control unit 2019 controls lens voltages for the cathode lens 
2008 and second lens 2011 - fourth lens 2014, as well as controls 
an electromagnetic field applied to the Wien filter 2010. 

The stage driving mechanism 2020 transfers stage position 
information to the CPU 2017 . Also, the primary column 2 001 , secondary 
column 2002 and chamber 2003 are connected to a vacuum exhaust system 
(not shown) , such that they are evacuated by a turbo pump in the vacuum 
exhaust system to maintain a vacuum state therein. 

A primary electron beam emitted from the electron gun 2004 
impinges on the Wien filter 2010 while receiving a lens action by 
the primary optical system 2005 . As a chip for the electron gun, L a Bg , 

capable of drawing a large current with a rectangular cathode, is 
preferably used. 

The primary optical system 20 05 uses quadrupole or octpole 
electrostatic (or electromagnetic) lenses which are asymmetric about 
the axis of rotation. This can give rise to convergence and divergence 
on each of the X-axis and Y-axis, similarly to a so-called cylindrical 
lens. The lenses are configured in two stages or in three stages to 
optimize conditions for the respective lenses, thereby making it 
possible to shape an electron beam irradiated region on the surface 
of a sample into an arbitrary rectangle or ellipse without losing 
the irradiated electron beam. Specifically, when static lenses are 
used, four cylindrical rods are used to place opposing electrodes 
(a and b, c and d) at an equal potential and impart them opposite 
voltage characteristics. Instead of cylindrical ones, a lens having 
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a shape resulting from dividing a circular plate generally used in 
an electrostatic deflector into four may be used as the quadrupole 
lens. In this event, the lenses can be reduced in size. 

The primary electron beam passing through the primary 
optical system 2005 has its trajectory deflected by a deflection of 
the Wien filter 2010. As described later, the Wien filter 2010 can 
generate a magnetic field and an electric field orthogonal to each 
other. Assuming now that an electric field is E, a magnetic field 
is B, and the velocity of electrons is v, the Wien filter allows only 
electrons which satisfy the Wien condition E=vB to go straight, and 
deflects the tra j ectories of the remaining electrons . For the primary 
electron beam, a force FB is generated from the magnetic field and 
a force FE is generated from the electric field to deflect the beam 
trajectory. On the other hand, for the secondary electron beam, since 
the forces FB and FE act in the opposite directions, they cancel each 
other, allowing the secondary electron beam to go straight therethrough 
as it is. 

A lens voltage for the primary optical system 2005 has been 
previously set such that the primary electron beam is focused on the 
opening of the numerical aperture 2009. The numerical aperture 2009 
acts to prevent excessive electron beams dispersed within the apparatus 
from reaching the surface of the sample, and to prevent the sample 
2007 from charge-up and contamination. Further, since the numerical 
aperture 2009 and the cathode lens 2008 constitute a telecentric 
electro-optical system, the primary electron beam transmitting the 
cathode lens 2008 is transformed into a parallel beam which is uniformly 
and evenly irradiated to the sample 2007. In other words, Koehler 
illumination, so called in the optical microscope, is implemented. 
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As the sample 2007 is irradiated with the primary electron 
beam, secondary electrons, reflected electrons or back-scattered 
electrons are generated from the beam irradiated surface of the sample 
2007 as a secondary electron beam. The secondary electron beam 
transmits the cathode lens 2008 while receiving a lens action thereof. 
The cathode lens 2008 comprises three electrodes. The lowermost 
electrode is designed to form a positive electric field between itself 
andapotential close to the sample 2007 todrawelectrons (particularly, 
less directional secondary electrons) and efficiently introduce the 
electrons into the lens. The lens action is generated by applying 
voltages to the first and second electrodes of the cathode lens 2008, 
and placing the third electrode at a zero potential. 

On the other hand, the numerical aperture 2009 is placed 
at a focus position of the cathode lens 2008 , i.e., a back focus position 
from the sample 2 0 07 . Therefore, light flux of an electron beam emitted 
out of the center of the view field (out of axis) is transformed into 
a parallel beam which passes through the central position of the 
numerical aperture 2009 without eclipse . The numerical aperture 2009 
serves to reduce lens aberration of the second lens 2011 - fourth 
lens 2 014 for the secondary electron beam. 

The secondary electron beam passing through the numerical 
aperture 2009 goes straight as it is without receiving a deflection 
of the Wien filter 2 010 . By changing the electromagnetic field applied 
to the Wien filter 2 010 , electrons having particular energy (for example, 
secondary electrons , reflected electrons or back- scattered electrons) 
alone can be introduced into the detector 2015 from the secondary 
electron beam. 

If the secondary electron beam is focused only with the 
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cathode lens 20 08, aberration is more likely to occur due to a stronger 
lens action. Therefore, image formation is performed once in 
combination of the second lens 2011. The secondary electron beam 
provides intermediate image formation on the field aperture 2012 by 
the cathode lens 2008 and second lens 2011. In this event, generally, 
the magnification required as the secondary optical system is often 
insufficient, so that the third lens 2013 and forth lens 2014 are 
added to the configuration as lenses for enlarging the intermediate 
image . The secondary electron beam is enlarged by the third lens 2 013 , 
fourth lens 2014 and forms an image. Here, the secondary electron 
beam forms images a total of three times. Alternatively, the third 
lens 2 013 and fourth lens 2014 may be combined to force the secondary 
electron beam to form an image once (a total of two times) . 

All of the second lens 2011, third lens 2013 and fourth 
lens 2014 are lenses symmetric about the axis of rotation, which are 
called uni-potential lenses or einzel lenses. Each of the lenses 
comprises three electrodes, where the two outer electrodes are 
generally placed at zero potential , and a voltage applied to the central 
electrode generates a lens action for controlling. Also, the field 
aperture 2012 is positioned at an intermediate image formation point. 
While the field aperture 2012 limits the field of view to a required 
range, similar to a viewing diaphragm of an optical microscope, it 
blocks excessive beams together with the third lens 2013 and fourth 
lens 2014, for electronic beams, to prevent the detector 2015 from 
charge-up and contamination. The magnification is set by changing 
lens conditions (focal lengths) of the third lens 2013 and fourth 
lens 2014. 

The secondary electron beam is enlarged and projected by 
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the secondary optical system, and is focused on a detecting face of 
the detector 2015 . The detector 2015 is comprised of a micro-channel 
plate (MCP) for amplifying electrons; a fluorescent plate for 
transducing electrons into light; a lens and other optics for relaying 
a vacuum system to the outside to transmit an optical image; and an 
imager device (CCD or the like) . The secondary electron beam is focused 
on the MCP detecting face, amplified, transduced into an optical signal 
by the fluorescent plate, and opto-electrically transduced into an 
electric signal by the imager device. 

The control unit 2016 reads an image signal of the sample 
from the detector 2015 for transmission to the CPU 2017 . The CPU 2017 
conducts a pattern defect testing from the image signal through template 
matching or the like. The stage 2006 is movable in the XY directions 
by the stage driving mechanism 2020. The CPU 2017 reads the position 
of the stage 2006 , outputs a driving control signal to the stage driving 
mechanisms 2020 to drive the stage 2006, and sequentially detects 
an image and conducts the testing. 

In this way, in the testing apparatus in the first embodiment , 
the numerical aperture 2009 and the cathode lens 2008 constitute a 
,telecentric electro-optical system, so that the sample can be uniformly 
irradiated with the primary electron beam . In other words , the Koehler 
illumination can be readily implemented. Further, for the secondary 
electron beam, an overall main light beam from the sample 2 007 impinges 
perpendicularly on the cathode lens 2008 (parallel with the optical 
axis of the lens) and passes through the numerical aperture 2 009, 
so that peripheral light will not eclipsed or the luminance of an 
image will not be degraded in a peripheral portion of the sample. 
Inaddition, althoughso-called transverse chromatic aberration, i.e., 
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difference in the position of image formation due to energy width 
of electrons, occurs (particularly, large transverse chromatic 
aberration occurs since the secondary electron beam has energy width) , 
the numerical aperture 2009 is placed at the focus position of the 
cathode lens 2008, so that this transverse chromatic aberration can 
be suppressed. 

Since the magnification is changed after the passage through 
the numerical aperture 2009, a uniform image can be generated over 
the entire field of view on the detection side, even if set 
magnifications are changed in the lens conditions for the third lens 
2013 and fourth lens 2014. 

While an even and uniform image can be captured in this 
embodiment, generally, as the magnification is increased, a problem 
arises that the brightness of image is reduced. To improve this, the 
lens conditions for the primary optical system may be designed such 
that when the magnification is changed by modifying the lens conditions 
for the secondary optical system, an effective field of view on the 
surface of a sample determined thereby is identical in size to an 
electronbeam irradiated onto the surface of the sample . Specifically, 
while the field of view becomes narrower as the magnification is larger, 
the irradiated beam current density is increased simultaneously with 
this, so that a signal density of detected electrons is held constant 
at all times to avoid the reduced brightness of image even if the 
f ieldof view is enlarged andprojected in the secondary optical system. 

Also, in the testing apparatus of the first embodiment, 
the Wien filter 2010 is used to deflect the trajectory of the primary 
electron beam and allow the secondary electron beam to go straight 
therethrough, the present invention is not limited to that, but a 



-43- 



Wien filter may be used for allowing the primary electron beam to 
go straight therethrough while deflecting the trajectory of the 
secondary electron beam. Further, while a rectangular beam is formed 
from a rectangular cathode and a quadrupole lens in this embodiment, 
the present invention is not limited to this. For example, a 
rectangular beam or an elliptic beam may be created from a circular 
beam, or a circular beam may be passed through a slit to extract a 
rectangular beam. Also, a plurality of beams may be scanned such that 
electron beams are generally irradiated uniformly to an irradiated 
region. The scanning in this event may be performed such that the 
plurality of beams arbitrarily scan respective regions allocated 
thereto (however with a uniform amount of irradiation) . 

Explaining now the electron gun as an electron beam source, 
a thermal electron beam source may be used as the electron beam source 
in this embodiment. An electron emitter (emitter) is made of L a B6. 

However, another material may be used as long as it is refractory 
(the vapor pressure is low at high temperatures) and small in work 
function. Preferably, the tip is formed in the shape of cone or 
truncated cone resulting from cutting off the tip of a cone. The tip 
of the truncated cone may have a diameter of approximately 100 jam. 
While an electric field emission type or thermal field emission type 
electron beam source may be used as another system, an L a Bg based 

thermal electron source is optimal for this embodiment in which a 
relatively wide region (for example, 100x25 - 400x100 jim2) is irradiated 
with a large current (approximately 1 |iA) . (In the SEM system, a thermal 
field emission beam source is generally used) . 

The thermal electron beam source is based on a method of 
emitting electrons by heating an electron emitting material, while 
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the thermal field emission electron beam source means a method for 
emitting electrons by applying the electron emitting material with 
a high electric field, and stabilizing the emission of electrons by 
heating the electron beam emitter. 

As will be understood from the description with reference 
to Fig. 1, the functions of main components in the image projection 
system are as follows . First , as to the primary electro-optical system, 
a section for forming electron emission emitted from an electron gun 
into a beam shape and irradiating a wafer surface with a rectangular 
or circular (elliptic) electron beam is called the "primary 
electro-optical system. " The size and current density of the electron 
beam can be controlled by controlling the lens conditions for the 
primary electro-optical system. Also, the primary electron beam is 
directed perpendicular to the wafer by a Wien filter positioned at 
a junction of the primary/secondary electro-optical systems. 

Thermal electrons emitted from an L a Bg cathode of the 

electron gun is focused as a cross-over image on a gun diaphragm by 
a Wehnelt , triple anode lens . An electron beam with an incident angle 
adapted to the lens with an illumination field diagram is focused 
on a numerical aperture diagram in the form of rotational asymmetry 
by controlling the primary electrostatic lens, and subsequently 
two-dimensionally irradiated onto a wafer surface. A rear stage of 
the primary electrostatic lens is comprised of a three-stage quadrupole 
(QL) and a one-stage electrode for correcting opening aberration. 
While the quadrupole lens has limitations such as strict alignment 
accuracy, it characteristically has a strong converging action as 
compared with a rotationally symmetrical lens, so that it can correct 
the opening aberration corresponding to spherical aberration of a 
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rotationally symmetric lens by applying an appropriate voltage to 
the opening aberration correcting electrode. In this way, a uniform 
surface beam can be irradiated to a predetermined region. 

Next, as to the secondary electro-optical system, a 
focusing/projection optical system for focusing a two-dimensional 
secondary electron image produced by processing a secondary electron 
beam generated from a wafer irradiated with a primary electron beam 
at the position of a field diaphragm by electrostatic lenses (CL, 
TL) corresponding to an objective lens, and enlarging and projecting 
the secondary electron image using a lens (PL) at a rear stage, is 
called the "secondary electro-optical system." In this event, the 
wafer is applied with a minus bias voltage (decelerating electric 
field voltage) . A decelerating electric field has a decelerating 
effect for an irradiated beam, and also has effects of reducing a 
damage on a wafer (sample) , accelerating the secondary electron beam 
generated from the surface of the sample due to a potential difference 
between CL and the wafer , and reducing chromat ism . Electrons converged 
by CL is focused on FA by TL, and the resulting image is enlarged 
and projected by PL, and formed on a secondary electron beam detector 
(MCP) . In the secondary electro-optical system, NA is positioned 
between CL-TL and optimized to constitute an optical system which 
is capable of reducing off -axis aberration. 

In addition, for correcting errors caused by the 
manufacturing of the electro-optical system, and astigmatism and 
anisotropic magnificat ion of an image produced by passing a Wien filter, 
an electrostatic octpole (STIG) is disposed for correction, and 
preferably, a deflector (OP) positioned between respective lenses 
may be used to correct misalignment. In this way, a image optical 
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system can be achieved with a uniform resolution in the field of view. 

The Wien filter 2010 is a unit based on an electromagnetic 
prism optical system which has electrodes and magnetic poles positioned 
in orthogonal directions to generate an electric field and a magnetic 
field in an orthogonal relationship. As an electromagnetic field is 
selectively applied, an electron beam incident from one direction 
into the field is deflected, while an electron beam incident from 
the opposite direction is allowed to go straight. This is achieved 
because of the ability to create conditions (Wien conditions) for 
canceling a force received by electrons from the electric field and 
a force received thereby from the magnetic field, whereby the primary 
electron beam is deflected and irradiated perpendicularly onto a wafer, 
while the secondary electron beam goes straight toward the detector. 

The detailed structure of the Wien filter 2010 as an electron 
beam deflector will be described with reference to Figs. 2(a) and 
2(b) . As illustrated in these figures, a field generated by the 
electron beam deflector has a structure in which an electric field 
is oriented orthogonal to a magnetic field in a plane perpendicular 
to the optical axis of the aforementioned image projection optical 
system, i.e., an ExB structure. 

Here, the electric field is generated by electrodes 2030a, 
2030b which have concave curved surfaces. The electric fields 
generated by the electrodes 2030a, 2030b are controlled by controllers 
2031a, 2031b, respectively. Electromagnetic coils 2032a, 2032b are 
arranged orthogonal to the electrodes 2030a, 2030b for generating 
the electric field to generate the magnetic field. In this event, 
for improving the uniformity of the magnetic field, a pole piece having 
a parallel flat plate shape is provided to form a magnetic path. While 
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the electrodes 2030a, 2030b for generating the electric field may- 
be arranged symmetric about a point 2034, they may be concentrically 
arranged. 

Fig. 2(b) is a vertical cross-sectional view on a plane 
which passes the point 2034 in Fig. 2(a) and perpendicular to the 
electrodes 2030a, 2030b. Referring to Fig . 2 (b) , behaviorsof electron 
beams will be described. Irradiated electron beams 2035a, 2035b are 
deflected by an electric field generated by the electrodes 2030a, 
2030b and a magnetic field generated by the electromagnetic coils 
2031a, 2031b, and then impinge on the surface of a sample in a direction 
perpendicular thereto. Here, incident positions and angles of the 
irradiated electron beams 2035a, 2035b to the Wien filter 2010 are 
uniquely determinedas the energy of electrons is determined. Further, 
by controlling conditions of the electric field and magnetic field, 
i.e., the electric field generated by the electrodes 2030a, 2030b 
and the magnetic field generated by the electromagnetic coils 2031a, 
2031b by their respective controllers 2031a, 2031b, 2033a, 2033b such 
that the secondary electron beams 2036a, 2036b go straight, i.e., 
vB=E stands, secondary electron beams go straight through the Wien 
filter 2010 and impinges on the image projection optical system, where 
v is the velocity of electrons (m/s) , B is the magnetic field (T) , 
e is the amount of charge (C) , and E is the electric field (V/m) . 

Finally, the detector will be described. The image of the 
secondary electron beam from the wafer , focused by the secondary opt ical 
systemis first amplifiedby the micro-channel plate (MCP) , thenstrikes 
the scintillation screen, and transduced into a light image. The MCP 
is comprised of several millions of very thin conductive glass 
capillaries of 6 - 25 |um in diameter and 0.24 - 1.0 mm in length which 
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are bundled and shaped into a thin plate. Each of the capillaries 
acts as an independent secondary electron amplifier, when a 
predetermined voltage is applied, to form, as a whole, the secondary- 
electron amplifier. An image transduced into light by this detector 
is projected through a vacuum transmission window onto TDI-CCD on 
a one-to-one basis in an FOP system which is placed in the atmosphere. 

As will be understood from the foregoing description, the 
testing apparatus, which is the first embodiment, can improve the 
throughput of the electron beam-type testing apparatus. 

Fig. 3 illustrates an example of a semiconductor device 
manufacturing method which uses the first embodiment of the present 
invention, and includes the following main processes. 

(1) a wafer manufacturing process for manufacturing a wafer 
(or a wafer preparing process for preparing a wafer) ; 

(2) a mask manufacturing process for manufacturing masks 
for use in exposure (or mask preparing process for preparing masks) ; 

(3) a wafer processing process for performing processing 
required to the wafer; 

(4) a chip assembling process for excising one by one chips 
formed on the wafer and making them operable; and 

(5) a chip testing process for testing complete chips. 
The respective main processes are further comprised of 

several sub-processes . 

Among these main processes, the wafer processing process 
set forth in (3) exerts critical affections to the performance of 
resulting semiconductor devices . This process involves sequentially 
laminating designed circuit patterns on the wafer to form a large 
number of chips which operate as memories, MPUs and so on. The wafer 
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processing process includes the following sub-processes: 

(A) a thin film forming sub-process for forming dielectric 
thin films serving as insulating layers, metal thin films for forming 
wirings or electrodes, and so on (using CVD, sputtering and so on) ; 

(B) an oxidization sub-process for oxidizing the thin film 
layers and the wafer substrate; 

(C) a lithography sub-process for forming a resist pattern 
using masks (reticles) for selectively processing the thin film layers 
and the wafer substrate; 

(D) an etching sub-process for processing the thin film 
layers and the substrate in conformity to the resist pattern (using, 
for example, dry etching techniques) ; 

(E) an ion/ impurity injection/diffusion sub-process; 

(F) a resist striping sub-process; and 

(G) a sub-process for testing the processed wafer. 

The wafer processing process is repeated a number of times 
equal to the number of required layers to manufacture semiconductor 
devices which operate as designed. 

Fig. 4(a) is a flow chart illustrating the lithography 
process (C) which forms the core of the wafer processing process in 
Fig. 3. The lithography process includes the following steps: 

(a) a resist coating step for coating a resist on the wafer 
on which circuit patterns have been formed in the previous process; 

(b) a step of exposing the resist; 

(c) a developing step for developing the exposed resist 
to produce a resist pattern; and . 

(d) an annealing step for stabilizing the developed resist 

pattern. 
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When the defect testing apparatus of the present invention 
is used in the testing sub-process set forth in (G) , any semiconductor 
devices even having fine patterns can be tested at a high throughput, 
so that a total inspection can also be conducted, thereby making it 
possible to improve the yield rate of products and prevent defective 
products from being shipped. In this respect, description will be 
made with reference to Fig. 4(b) . 

Generally, an electron beam-type testing apparatus is 
expensive and low in throughput as compared with other process 
apparatuses, so that such a defect testing apparatus is presently 
used after critical steps for which testing is most required- (for 
example, etching, deposition or CMP (chemical -mechanical polishing) 
planarization processing) . In this event, a wafer under testing is 
aligned on a super precise X-Y stage through an atmosphere transport 
system and a vacuum transport system, and fixed by an electrostatic 
chuck mechanism or the like. Subsequently, testing for defects and 
so on is conducted in accordance with a procedure illustrated in Fig. 
4 (b) . 

In Fig . 4 (b) , first , an optical microscope is used to confirm 
the position of each die, and detect the height of each location for 
storage as required. Other than this, the optical microscope is used 
to capture an optical microscopic image of a desired site such as 
defects for comparison with an electron beam image . Next , information 
on prescription is input to the apparatus in accordance with the type 
of a wafer (after which process, whether the size of the wafer is 
20 cm or 30 cm, and so on) to specify a testing location, set 
electro-optical systems, set testing conditions, and so on. 
Subsequently, the defect testing is conducted generally in real time 
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while images are captured. Through comparison of cells with one 
another, comparison of dies, and so on, a high speed information 
processing system installed with algorithms conducts the testing to 
output the result to a CRT and so on and stores the result in a memory 
as required. 

Defects include particle defect, anomalous shape (pattern 
defect) , electrical defects (disconnected wires or vias, defective 
conduction and the like) , and so on. Distinction of these defects, 
and classification of the defects by size, and identification of killer 
defects (critical defects which disable chips to be used) may be 
automatically performed in real time. 

The detection of electrical defects can be carried out by 
detecting anomalous potential contrasts. For example, a defectively 
conducted location is generally charged in positive by irradiation 
of electronbeams (at approximately 500 eV) andpresents a lower contrast , 
so that it can be distinguished from normal locations. An electron 
beam irradiating means in this case refers to a low potential (energy) 
electron beam generating means (generation of thermal electrons, 
UV/photoelectrons) which is separately provided for emphasizing the 
contrast caused by a potential difference, other than the normal 
electron beam irradiating means for testing. Before irradiating a 
region under testing with a testing electron beam, a low potential 
(energy) electron beam is generated for irradiation. For the image 
projection system which can positively charge a sample by irradiating 
the same with a testing electron beam, the low potential electron 
beam generating means need not be provided in separation depending 
on specifications. Also, defects can be detected from a difference 
in contrast which is produced by applying a sample such as a wafer 
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with a positive or a negative potential with respect to a reference 
potential (due to a difference in the ease of flow in a forward direction 
or a backward direct ion of the device) . Such a defect test ing apparatus 
can be utilized as well in a line width measuring apparatus and an 
alignment precision measurement. 

A method of testing electrical defects of a sample under 
testing may take advantage of the fact that a voltage at an essentially 
electrically insulated portion is different from a voltage when this 
portion is conducted. For this purpose, charges are previously 
supplemented to a sample under testing to produce a difference in 
potential between the essentially electrically insulated portion and 
a portion which should have been elect rically insulatedbut is conducted 
by some cause. Subsequently, a charged particle beam is irradiated 
from the charged particle beam apparatus according to the present 
invention to acquire data with the difference in potential, and the 
acquired data is analyzed to detect the conducted state. 

Embodiment Relating to Testing Apparatus (Second Embodiment) 

The second embodiment of the present invention relates to 
an electron beam apparatus suitable for testing, using an electron 
beam, defects in patterns formed on the surface of an object under 
testing, and more particularly, to an electron beam apparatus suitable 
for a testing apparatus useful, for example, in detecting defects 
on a wafer in a semiconductor manufacturing process, which includes 
irradiating an object under testing with an electron beam, capturing 
secondary electrons which vary in accordance with the properties of 
the surface thereof to form image data, and testing patterns formed 
on the surface of the object under testing based on the image data 
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at a high throughput, and a method of manufacturing devices at a high 
yield rate using such an electron beam apparatus. 

As an apparatus for testing defects of a wafer using an 
electron beam, an apparatus using a scanning electron microscope (SEM) 
already commercially available is known. This apparatus involves 
raster scanning an object under testing with a narrowed electron beam 
at very narrow intervals of raster width, detecting secondary electrons 
emitted from the object under testing associated with the scanning 
to form a SEM image, and comparing such SEM images of different dies 
at the same locations to extract defects of the object under testing. 

Conventionally, however, there has been no electron 
beam-type defect testing apparatus which is completed as a general 
system. 

A defect testing apparatus to which an SEM is applied requires 
a long time for defect testing due to a small beam dimension, a resulting 
small pixel dimension and a small raster width. In addition, a beam 
current increased for purposes of improving the throughput would cause 
charging on a wafer having an insulating material formed on the surface 
thereof, thereby failing to produce satisfactory SEM images. 

Hitherto, clarification has hardly been made for the overall 
structure of a testing apparatus which takes into account the relevancy 
of an electro-optical device for irradiating an object under testing 
with an electron beam for testing, and other subsystems associated 
therewith for supplying the object under testing to an irradiating 
position of the electro-optical device in a clean state and for aligning 
the object under testing. Further, with the trend of increasingly 
larger diameters of wafers which would be subjected to testing, the 
subsystems are also required to support larger diameter wafers. 
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In view of the problems mentioned above, the second 
embodiment of the present invention has been proposed, it is an object 
of the present invention to provide 

an electron beam apparatus which employs an electron 
beam-type electro-optical system, and achieves harmonization of the 
electro-optical system with other components, which constitute the 
testing apparatus, to improve the throughput; 

an electron beam apparatus which is capable of efficiently 
and accurately testing an object under testing by improving a loader 
for carrying the object under testing between a cassette for storing 
objects under testing and a stage device for aligning the object under 
testing with respect to the electro-optical system, and devices 
associated therewith; 

an electron beam apparatus which is capable of solving the 
problem of charging, experienced in the SEM, to accurately test an 
object under testing; and 

a method of manufacturing a device at a high yield rate 
by testing an object under testing such as a wafer, using the electron 
beam apparatus described above. 

In the following, the second embodiment of a chargedparticle 
beam apparatus according to the present invention will be described 
with reference to the accompanying drawings, in connection with an 
overall structure and operation of a semiconductor testing apparatus 
for testing, as an object under testing, a substrate, i.e., a wafer 
which has patterns formed on the surface thereof, as well as in 
connection with a device manufacturing method using the semiconductor 
testing apparatus. 

In Figs. 5 and 6(a), a semiconductor testing apparatus 1 
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comprises a cassette holder 10 for holding cassettes which stores 
a plurality of wafers; a mini -environment device 20; a main housing 
30 which defines a working chamber; a loader housing 40 disposed between 
the mini -environment device 20 and the main housing 30 to define two 
loading chambers; a loader 60 for loading a wafer from the cassette 
holder 10 onto a stage device 50 disposed in the main housing 30; 
and an electro-optical device 70 installed in the vacuum main housing 
30. These components are arranged in a positional relationship as 
illustrated in Figs. 5 and 6 (a) . The semiconductor testing apparatus 
1 further comprises a precharge unit 81 disposed in the vacuum main 
housing 30; a potential applying mechanism 83 (see in Fig. 12) for 
applying a wafer with a potential; an electron beam calibration 
mechanism 85 (see in Fig. 13) ; and an optical microscope 871 which 
forms part of an alignment controller 87 for aligning the wafer on 
the stage device 50. 

The cassette holder 10 is configured to hold a plurality 
(two in this embodiment) of cassettes c (for example, closed cassettes 
such as FOUP manufactured by Assist Co.) in which a plurality (for 
example, twenty-five) wafers are placed side by side in parallel, 
oriented in the vertical direction. The cassette holder 10 can be 
arbitrarily selected for installation adapted to a particular loading 
mechanism. Specifically, when a cassette, carried to the cassette 
holder 10, is automatically loaded into the cassette holder 10 by 
a robot or the like, the cassette holder 10 having a structure adapted 
to the automatic lading can be installed. When a cassette is manually 
loaded into the cassette holder 10, the cassette holder 10 having 
an open cassette structure can be installed. In this embodiment, the 
cassette holder 10 is a type adapted to the automatic cassette loading, 
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and comprises, for example, an up/down table 11, and an elevating 
mechanism 12 for moving the up/down table 11 up and down. The cassette 
c can be automatically set onto the up/down table 11 in a state indicated 
by chain lines in Fig. 6(a) . After the setting, the cassette c is 
automatically rotated to a state indicated by solid lines in Fig. 
6 (a) so that it is directed to the axis of pivotal movement of a first 
carrier unit within the mini -environment device 20 . In addition, the 
up/down table 11 is moved down to a state indicated by chain lines 
in Fig. 5. In this way, the cassette holder 10 for use in automatic 
loading, or the cassette holder 10 for use in manual loading may be 
both implemented by those in known structures, so that detailed 
description on their structures and functions are omitted. 

Fig. 6(b) shows a modification to a mechanism for 
automatically loading a cassette. A plurality of 300 mm wafers W are 
contained in a slotted pocket (not shown) fixed to the inner surface 
of a box body 501 for carriage and storage. This wafer carrying box 
28 comprises a box body 501 of a squared cylinder, a wafer carrying 
in/out door 502 provided at an aperture 29 of a side surface of the 
box body 501 for communicate with an automatic door opening apparatus 
and capable of being opened and closed mechanically, a cap 5 03 positioned 
in opposite to the aperture 29 to cover the aperture 2 9 for the purpose 
of detachably mounting filers and fan motors, a slotted pocket (not 
shown), an ULPA filter 505, a chemical filter 506 and a fan motor 
507. In this modification, wafers W are carried in and out by means 
of a first carrying unit 612 of a robot type loader 60. 

It should be noted that substrates, i.e., wafers 
accommodated in the cassette c are wafers subjected to testing which 
is generally performed after a process for processing the wafers or 
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in the middle of the process within semiconductor manufacturing 
processes . Specifically, accommodated in the cassette are substrates 
or wafers which have undergone a deposition process, CMP, ion 
implantation and so on; wafers each formed with wiring patterns on 
the surface thereof; or wafers which have not been formed with wiring 
patterns . Since a large number of wafers accommodated in the cassette 
c are spaced from each other in the vertical direction and arranged 
side by side in parallel, the first carrier unit has an arm which 
is vertically movable such that a wafer at an arbitrary position can 
be held by the first carrier unit, as described later in detail. 

In Figs. 5 through 7, the mini -environment device 20 
comprises a housing 22 which defines a mini -environment space 21 that 
is controlled for the atmosphere; a gas circulator 23 for circulating 
a gas such as clean air within the mini -environment space 21 for the 
atmosphere control; a discharger 24 for recovering a portion of air 
supplied into the mini -environment space 21 for discharging; and a 
pre-aligner 25 for roughly aligning a substrate, i.e. , a wafer under 
testing, which is placed in the mini -environment space 21. 

The housing 22 has a top wall 221, a bottom wall 222, and 
peripheral wall 223 which surrounds four sides of the housing 22 to 
provide a structure for isolating the mini -environment space 21 from 
the outside. For controlling the atmosphere in the mini -environment 
space 21 , the gas circulator 23 comprises a gas supply unit 231 attached 
to the top wall 221 within the mini -environment space 21 as illustrated 
in Fig. 7 for cleaning a gas (air in this embodiment) and delivering 
the cleaned gas downward through one or more gas nozzles (not shown) 
in laminar flow; a recovery duct 232 disposed on the bottom wall 222 
within the mini -environment space for recovering air which has flown 
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down to the bottom; and a conduit 233 for connecting the recovery- 
duct 232 to the gas supply unit 231 for returning recovered air to 
the gas supply unit 231. 

In this embodiment, the gas supply unit 231 takes about 
20 % of air to be supplied, from the outside of the housing 22 for 
cleaning. However, the percentage of gas taken from the outside may 
be arbitrarily selected. The gas supply unit 231 comprises an HE PA 
or ULPA filter in a known structure for creating cleaned air. The 
laminar downf low of cleaned air is mainly supplied such that the air 
passes a carrying surface formed by the first carrier unit, later 
described, disposed within the mini -environment space 21 to prevent 
dust particles, which could be produced by the carrier unit, from 
attaching to the wafer. Therefore, the downf low nozzles need not be 
positioned near the top wall as illustrated, but is only required 
to be above the carrying surface formed by the carrier unit . In addition, 
the air need not either be supplied over the entire mini -environment 
space 21. 

It should be noted that an ion wind may be used as cleaned 
air to ensure the cleanliness as the case may be. Also, a sensor may 
be provided within the mini -environment space 21 for observing the 
cleanliness such that the apparatus is shut down when the cleanliness 
is degraded. 

An access port 225 is formed in a portion of the peripheral 
wall 223 of the housing 22 that is adjacent to the cassette holder 
10. A shutter device in a known structure may be provided near the 
access port 225 to shut the access port 225 from the mini -environment 
device 20. The laminar downf low near the wafer may be, for example, 
at a rate of 0 . 3 to 0 . 4 m/sec . The gas supply unit 231 may be disposed 
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outside the mini -environment space 21 instead of within the 
mini -environment space 21. 

The discharger 24 comprises a suction duct 241 disposed 
at a position below the wafer carrying surface of the carrier unit 
and below the carrier unit; a blower 242 disposed outside the housing 
22; and a conduit 243 for connecting the suction duct 241 to the blower 
242. The discharger 24 aspires a gas flowing down around the carrier 
unit and including dust, which could be produced by the carrier unit, 
through the suction duct 241 , and discharges the gas outside the housing 
22 through the conduits 243, 244 and the blower 242. In this event, 
the gas may be discharged into an exhaust pipe (not shown) which is 
laid to the vicinity of the housing 22. 

The aligner 25 disposed within the mini -environment space 
21 optically or mechanically detects an orientation flat (which refers 
to a flat portion formed along the outer periphery of a circular wafer 
and hereunder called as ori-fla) formed on the wafer, or one or more 
V-shaped notches formed on the outer peripheral edge of the wafer 
to previously align the position of the waver in a rotating direction 
about the axis 0-0 at an accuracy of approximately ± one degree. The 
pre-aligner forms part of a mechanism for determining the coordinates 
of an object under testing, which is a feature of the claimed invention, 
and is responsible for rough alignment of an object under testing. 
Since the pre-aligner itself may be of a known structure, description 
on its structure and operation is omitted. 

. Though not shown, a recovery duct for the discharger 24 
may also be provided below the prealigner such that air including 
dust, discharged from the prealigner, is discharged to the outside. 

In Figs. 5 and 6(a), the main housing 30, which defines 
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the working chamber 31, comprises a housing body 32 that is supported 
by a housing supporting device 33 carried on a vibration isolator 
37 disposed on a base frame 36. The housing supporting device 33 
comprises a frame structure 331 assembled into a rectangular form. 
The housing body 3 2 comprises a bottom wall 321 mounted on and securely 
carried on the frame structure 331; a top wall 322; and a peripheral 
wall 323 which is connected to the bottom wall 321 and the top wall 
322 and surrounds four sides of the housing body 32, and isolates 
the working chamber 31 from the outside . In this embodiment, the bottom 
wall 321 is made of a relatively thick steel plate to prevent distortion 
due to the weight of equipment carried thereon such as the stage device 
50. Alternatively, another structure may be employed. 

In this embodiment, the housing body 32 and the housing 
supporting device 33 are assembled into a rigid construction, and 
the vibration isolator 37 blocks vibrations from the floor, on which 
the base frame 36 is installed, from being transmitted to the rigid 
structure. A portion of the peripheral wall 323 of the housing body 
32 that adjoins the loader housing 40, later described, is formed 
with an access port 325 for introducing and removing a wafer. The 
vibration isolator may be either of an active type which has an air 
spring, a magnetic bearing and so on, or a passive type likewise having 
these components. Since any known structure may be employed for the 
vibration isolator, description on the structure and functions of 
the vibration isolator itself is omitted. The working chamber 31 is 
held in a vacuum atmosphere by a vacuum system (not shown) in a known 
structure . 

A controller 2 for controlling the operation of the overall 
apparatus is disposed below the base frame 36, and mainly comprises 
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a main controller, a control controller and a stage controller. 

The main controller has a man-machine interface through 
which the operation by an operator (input of various 
instructions/commands and menus, instruction to start a test , switch 
between automatic and manual test modes, input of all commands necessary 
when the manual test mode) is performed. Further, the main controller 
performs a communication to a host computer in a factory, control 
of a vacuum discharge system, carriage of a sample such as a wafer, 
control of alignment, transmission of commands to the control 
controller and the stage controller and receipt of information. 
Moreover, the main controller has a function of obtaining an image 
signal from the optical microscope, a stage vibration correcting 
function for feeding back a vibration signal of the stage to the 
electro-optical system to correct a deteriorated image, and an 
automatic focus correcting function for detecting a Z-direction (the 
direction of the axis of the secondary optical system) displacement 
of a sample observing position to feed back the displacement to the 
electro-optical system so as to automatically correct the focus. 
Reception and transmission of a feedback signal to the electro-optical 
system and a signal from the stage can be performed through the control 
controller and the stage controller. 

The control controller is mainly responsible for control 
of the electro-optical system (control of an a highly accurate voltage 
source for electron gun, lenses, alighners and Wien filter) . 
Specifically, the control controller effects control (gang control) 
of automatic voltage setting to each lens system and the alighners 
in correspondence with each operation mode, for example, causes a 
region to be irradiated by a constant electron current even if the 
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magnif ication is changed, and automatically sets a voltage applied 
to each lens system and the alighners in correspondence with each 
magnification . 

The stage controller is mainly responsible for control 
regarding the movement of the stage and enables the achievement of 
accurate X- and Y-direction movement of micrometer order. Further, 
the stage controller achieves control of rotation ( 9 control) of the 
stage within an error accuracy of ±0.3 seconds. 

In Figs. 5, 6(a) and 8, the loader housing 40 comprises 
a housing body 43 which defines a first loading chamber 41 and a second 
loading chamber 42 . The housing body 43 comprises a bottom wall 431; 
a top wall 432; a peripheral wall 433 which surrounds four sides of 
the housing body 43; and a partition wall 434 for partitioning the 
first loading chamber 41 and the second loading chamber 42 such that 
both the loading chambers can be isolated from the outside. The 
partition wall 434 is formed with an opening, i.e., an access port 
435 for passing a wafer between both the loading chambers. Also, a 
portion of the peripheral wall 433 that adjoins the mini -environment 
device 20 and the main housing 30 is formed with access ports 436, 
437. The housing body 43 of the loader housing 40 is carried on and 
supported by the frame structure 331 of the housing supporting device 
33 . This prevents the vibrations of the floor from being transmitted 
to the loader housing 40 as well. 

The access port 436 of the loader housing 40 is in alignment 
with the access port 226 of the housing 22 of the mini -environment 
device 20 , and a shutter device 27 is provided for selectively blocking 
a communication between the mini -environment space 21 and the first 
loading chamber 41. The shutter device 27 has a sealing material 271 
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which surrounds the peripheries of the access ports 226, 436 and is 
fixed to the side wall 433 in close contact therewith; a door 272 
for blocking air from flowing through the access ports in cooperation 
with the sealing material 271; and a driver 273 for moving the door 
272. Likewise, the access port 437 of the loader housing 40 is in 
alignment with the access port 325 of the housing body 32 , and a shutter 
45 is provided for selectively blocking a communication between the 
second loading chamber 42 and the working chamber 31 in a hermetic 
manner. The shutter 45 comprises a sealing material 451 which 
surrounds the peripheries of the access ports 437, 325 and is fixed 
to side walls 433, 323 in close contact therewith; a door 452 for 
blocking air from flowing through the access ports in cooperation 
with the sealing material 451; and a driver 453 for moving the door 
452 . 

Further, the opening formed through the partition wall 434 
is provided with a shutter 46 for closing the opening with the door 
461 to selectively blocking a communication between the first and 
second loading chambers in a hermetic manner. These shutter devices 
27 , 45 , 46 are configured to provide air-tight sealing for the respective 
chambers when they are in a closed state. Since these shutter devices 
may be implemented by known ones, detailed description on their 
structures and operations is omitted. It should be noted that a method 
of supporting the housing 22 of the mini -environment device 20 is 
different from a method of supporting the loader housing 40 . Therefore , 
for preventing vibrations from being transmitted from the floor through 
the mini -environment device 20 to the loader housing 40 and the main 
housing 30, a vibration-proof cushion material may be disposed between 
the housing 22 and the loader housing 40 to provide air-tight sealing 
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for the peripheries of the access ports. 

Within the first loading chamber 41, a wafer rack 47 is 
disposed for supporting a plurality (two in this embodiment) of wafers 
spaced in the vertical direction and maintained in a horizontal state . 
As illustrated in Fig. 9, the wafer rack 47 comprises posts 472 fixed 
at four corners of a rectangular substrate 471 , spaced from one another, 
in an upright state. Each of the posts 472 is formed with supporting 
devices 473, 474 in two stages, such that peripheral edges of wafers 
W are carried on and held by these supporting devices. Then, leading 
ends of arms of the first and second carrier units, later described, 
are brought closer to wafers from adjacent posts and grab the wafers. 

The loading chambers 41, 42 can be controlled for the 
atmosphere to be maintained in a high vacuum state (at a vacuum degree 
of 10" 5 to 10" 6 Pa) by a vacuum evacuator (not shown) in a known 
structure including a vacuum pump, not shown. In this event, the first 
loading chamber 41 may be held in a low vacuum atmosphere as a low 
vacuum chamber, while the second loading chamber 42 may be held in 
a high vacuum atmosphere as a high vacuum chamber, to effectively 
prevent contamination of wafers. The employment of such a structure 
allows a wafer, which is accommodated in the loading chamber and is 
next subjected to the defect testing, to be carried into the working 
chamber without delay. The employment of such a loading chambers 
provides for an improved throughput for the defect testing, and the 
highest possible vacuum state around the electron source which is 
required to be kept in a high vacuum state, together with the principle 
of a multi-beam type electron device, later described. 

The vacuum exhaust system comprises a vacuum pump, a vacuum 
valve, a vacuum gauge and a vacuum pipe for performing vacuum exhaust 
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of the electro-optical system, the detectors, the sample chamber and 
the load lock chamber in accordance with a predetermined sequence 
The vacuum valve is controlled so as to achieve the degree of vacuum 
required by the respective units. For this end, the degree of vacuum 
is monitored at any time, and an emergency control of a separation 
valve by an interlocking mechanism is performed to maintain the degree 
of vacuum, if any abnormality is found. As the vacuum pump, a turbo 
molecular pump is used for the main exhaust and a Roots dry pump is 
used for rough exhaust. The pressure at a test location (electron 
beam irradiated region) is 1CT 3 to 10" 5 Pa. Preferably, pressure of 
10" 4 to 10" 6 Pa is practical. 

The first and second loading chambers 41, 42 are connected 
to a vacuum exhaust pipe and a vent pipe for an inert gas (for example, 
dried pure nitrogen) (neither of which are shown) , respectively. In 
this way, the atmospheric state within each loading chamber is attained 
by an inert gas vent (which injects an inert gas to prevent an oxygen 
gas and so on other than the inert gas from attaching on the surface) . 
Since an apparatus itself for implementing the inert gas vent is known 
in structure, detailed description thereon is omitted. 

In the testing apparatus according to the present invention 
which uses an electron beam, when representative lanthanum hexaborate 
(LaB6) used as an electron source for an electro-optical system, later 

described, is once heated to such a high temperature that causes emission 
of thermal electrons, it should not be exposed to oxygen within the 
limits of possibility so as not to shorten the lifetime. The exposure 
to oxygen can be prevented without fail by carrying out the atmosphere 
control as mentioned above at a stage before introducing a wafer into 
the working chamber in which the electro-optical system is disposed. 
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The stage device 50 comprises a fixed table 51 disposed 
on the bottom wall 3 01 of the main housing 30; a Y- table 52 movable 
in a Y-direction on the fixed table 51 (the direction vertical to 
the drawing sheet in Fig. 5) ; an X- table 53 movable in an X-direction 
on the Y-table 52 (in the left-to-right direction in Fig. 1) ; a turntable 
54 rotatable on the X- table; and a holder 55 disposed on the turntable 
54. A wafer is releasably held on a wafer carrying surface 551 of 
the holder 55. The holder 55 may be of a known structure which is 
capable of releasably grabbing a wafer by means of a mechanical or 
electrostatic chuck feature. 

The stage device 50 uses servo motors , encoders and a variety 
of sensors (not shown) to operate a plurality of tables as mentioned 
above topermit highly accurate alignment of a waf er heldon the carrying 
surface 551 by the holder 55 in the X-direction, Y-direction and 
Z-direction (in the up-down direction in Fig. 5) with respect to an 
electron beam irradiated from the electro-optical device, and in a 
direction about the axis normal to the wafer supporting surface (0 
direction) . The alignment in the Z-direction may be made such that 
the position on the carrying surface 551 of the holder 55, for example, 
can be finely adjusted in the Z-direction. In this event, a reference 
position on the carrying surface 551 is sensed by a position measuring 
device using a laser of an extremely stable optical wavelength ( a 
laser interference range finder using the principles of 
interferometer) to control the position by a feedback circuit, not 
shown. Additionally or alternatively, the position of a notch or an 
orientation flat of a wafer is measured to sense a plane position 
or a rotational position of the wafer relative to the electron beam 
to control the position of the wafer by rotating the turntable 54 
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by a stepping motor which can be controlled in extremely small angular 
increments . 

In order to maximally prevent dust produced within the 
working chamber, servo motors 531, 531 and encoders 522, 532 for the 
stage device 50 are disposed outside the main housing 30. Since the 
stage device 50 may be of a known structure used, for example, in 
steppers and so on, detailed description on its structure and operation 
is omitted. Likewise, since the laser interference range finder may 
also be of a known structure, detailed description on its structure 
and operation is omitted. 

It is also possible to establish a basis for signals which 
are generated by previously inputting a rotational position, and X-, 
Y-positions of a wafer relative to the electron beam in a signal 
detecting system or an image processing system, later described. The 
wafer chucking mechanism provided in the holder 55 is configured to 
apply a voltage for chucking a wafer to an electrode of an electrostatic 
chuck, and the alignment is made by pinning three points on the outer 
periphery of the wafer (preferably spaced equally in the 
circumferential direction) . The wafer chucking mechanism comprises 
two fixed aligning pins and a push- type clamp pin. The clamp pin can 
implement automatic chucking and automatic releasing, and const itutes 
a conducting spot for applying the voltage. 

While in this embodiment, the X- table is defined as a table 
which is movable in the left-to-right direction in Fig. 6(a); and 
the Y-table as a table which is movable in the up-down direction, 
a table movable in the left-to-right direction in Fig . 2 may be defined 
as the Y-table; and a table movable in the up-down direction as the 
X-table. 
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The loader 60 comprises a robot-type first carrier unit 
61 disposed within the housing 22 of the mini -environment device 20; 
and a robot -type second carrier unit 63 disposed within the second 
loading chamber 42. 

The first carrier unit 61 comprises a multi-node arm 612 
rotatable about an axis Oi-Oi with respect to a driver 611. While 

an arbitrary structure may be used for the mult i -node arm, the mult i -node 
arm in this embodiment has three parts which are pivotably attached 
to each other. One part of the arm 612 of the first carrier unit 61, 
i.e., the first part closest to the driver 611 is attached to a rotatable 
shaft 613 by a driving mechanism (not shown) of a known structure, 
disposed within the driver 611. The arm 612 is pivotable about the 
axis Oi-Oi by means of the shaft 613, and radially telescopic as a 
whole with respect to the axis Oi-Oi through relative rotations among 
the parts. At a leading end of the third part of the arm 612 furthest 
away from the shaft 613 , a grabber 616 in a known structure for grabbing 
a wafer, such as a mechanical chuck or an electrostatic chuck, is 
disposed. The driver 611 is movable in the vertical direction by an 
elevating mechanism 615 of a known structure. 

The first carrier unit 61 extends the arm 612 in either 
a direction Ml or a direction M2 within two cassettes c held in the 
cassette holder 10, and removes a wafer accommodated in a cassette 
c by carrying the wafer on the arm or by grabbing the wafer with the 
chuck (not shown) attached at the leading end of the arm. Subsequently, 
the arm is retracted (in a state as illustrated in Fig. 6(a)), and 
then rotated to a position at which the arm can extend in a direction 
M3 toward the prealigner 25, and stopped at this position. Then, the 
arm is again extended to transfer the wafer held on the arm to the 
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prealigner 25. After receiving a wafer from the prealigner 25, 
contrary to the foregoing, the arm is further rotated and stopped 
at a position at which it can extend to the second loading chamber 
41 (in the direction M4) , and transfers the wafer to a wafer receiver 
47 within the second loading chamber 41. 

For mechanically grabbing a wafer, the wafer should be 
grabbed on a peripheral region (in a range of approximately 5 mm from 
the peripheral edge) . This is because the wafer is formed with devices 
(circuit wirings) over the entire surface except for the peripheral 
region, and grabbing the inner region would result in f ailedor defective 
devices . 

The second carrier unit 63 is basically identical to the 
first carrier unit 61 in structure except that the second carrier 
unit 63 carries a wafer between the wafer rack 47 and the carrying 
surface of the stage device 50, so that detailed description thereon 
is omitted. 

In the loader 60, the first and second carrier units 61, 
63 each carry a wafer from a cassette held in the cassette holder 
10 to the stage device 50 disposed in the working chamber 31 and vice 
versa, while remaining substantially in a horizontal state. The arms 
of the carrier units are moved in the vertical direction only when 
a wafer is removed from and inserted into a cassette, when a wafer 
is carried on and removed from the wafer rack, and when a wafer is 
carried on and removed from the stage device 50. It is therefore 
possible to smoothly carry a larger wafer, for example, a wafer having 
a diameter of 3 0 cm. 

Next, how a wafer is carried will be described in sequence 
from the cassette c held by the cassette holder 10 to the stage device 
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50 disposed in the working chamber 31. 

As described above, when the cassette is manually set, the 
cassette holder 10 having a structure adapted to the manual setting 
is used, and when the cassette is automatically set, the cassette 
holder 10 having a structure adapted to the automatic setting is used. 
In this embodiment, as the cassette c is set on the up/down table 
11 of the cassette holder 10, the up/down table 11 is moved down by 
the elevating mechanism 12 to align the cassette c with the access 
port 225. 

As the cassette is aligned with the access port 225, a cover 
(not shown) provided for the cassette is opened, and a cylindrical 
cover is applied between the cassette c and the access port 225 of 
the mini -environment to block the cassette and the mini -environment 
space 21 from the outside. Since these structures are known, detailed 
description on their structures and operations is omitted. When the 
mini -environment device 2 0 is provided with a shutter for opening 
and closing the access port 225, the shutter is operated to open the 
access port 225. 

On the other hand, the arm 612 of the first carrier unit 
61 remains oriented in either the direction Ml or M2 (in the direction 
Ml in this description) . As the access port 225 is opened, the arm 
612 extends to receive one of wafers accommodated in the cassette 
at the leading end. While the arm and a wafer to be removed from the 
cassette are adjusted in the vertical position by moving up or down 
the driver 611 of the first carrier unit 61 and the arm 612 in this 
embodiment , the ad j us tment may be made by moving up and down the up/ down 
table 11 of the cassette holder 10, or made by both. 

As the arm 612 has received the wafer, the arm 621 is retracted, 



-71- 



and the shutter is operated to close the access port (when the shutter 
is provided) . Next, the arm 612 is pivoted about the axis 0]_-0i such 

that it can extend in the direction M3 . Then, the arm 612 is extended 
and transfers the wafer carried at the leading end or grabbed by the 
chuck onto theprealigner 25 which aligns the orientation of the rotating 
direction of the wafer (the direction about the central axis vertical 
to the wafer plane) within a predetermined range. Upon completion 
of the alignment, the carrier unit 61 retracts the arm 612 after a 
wafer has been received from the prealigner 25 to the leading end 
of the arm 612 , and takes a posture in which the arm 612 can be extended 
in a direction M4 . Then, the door 272 of the shutter device 27 is 
moved to open the access ports 223, 236, and the arm 612 is extended 
to place the wafer on the upper stage or the lower stage of the wafer 
rack 47 within the first loading chamber 41. It should be noted that 
before the shutter device 27 opens the access ports to transfer the 
wafer to the wafer rack 47 , the opening 435 formed through the partition 
wall 434 is closed by the door 461 of the shutter 46 in an air-tight 
state . 

In the process of carrying a wafer by the first carrier 
unit, clean air flows (as downf low) in laminar flow from the gas supply 
unit 231 disposed on the housing of the mini -environment device to 
prevent dust from attaching on the upper surface of the wafer during 
the carriage. A portion of the air near the carrier unit (in this 
embodiment, about 20 % of the air supplied from the supply unit 231, 
mainly contaminated air) is aspired from the suction duct 241 of the 
discharger 24 and discharged outside the housing. The remaining air 
is recovered through the recovery duct 232 disposed on the bottom 
of the housing and returned again to the gas supply unit 231. 
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As the wafer is placed into the wafer rack 47 within the 
first loading chamber 41 of the loader housing 40 by the first carrier 
unit 61, the shutter device 27 is closed to seal the loading chamber 
41. Then, the first loading chamber 41 is filled with an inert gas 
to expel air. Subsequently, the inert gas is also discharged so that 
a vacuum atmosphere dominates within the loading chamber 41. The 
vacuum atmosphere within the loading chamber 41 may be at a low vacuum 
degree . When a certain degree of vacuum is provided within the loading 
chamber 41, the shutter 46 is operated to open the access port 434 
which has been sealed by the door 4 61, and the arm 63 2 of the second 
carrier unit 63 is extended to receive one wafer from the wafer receiver 
47 with the grabber at the leading end (the wafer is carried on the 
leading end or grabbed by the chuck attached to the leading end) . 
Upon completion of the receipt of the wafer, the arm 632 is retracted, 
followed by the shutter 46 again operated to close the access port 
435 by the door 461. 

It should be noted that the arm 632 has previously taken 
a posture in which it can extend in the direction Nl of the wafer 
rack 47 before the shutter 46 is operated to open the access port 
435. Also, as described above, the access ports 437, 325 have been 
closed by the door 452 of the shutter 45 before the shutter 46 is 
operated to block the communication between the second loading chamber 
42 and the working chamber 31 in an air-tight state, so that the second 
loading chamber 42 is evacuated. 

As the shutter 46 is operated to close the access port 435, 
the second loading chamber 42 is again evacuated at a higher degree 
of vacuum than the first loading chamber 41. Meanwhile, the arm 632 
of the second carrier unit 63 is rotated to a position at which it 
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can extend toward the stage device 50 within the working chamber 31. 
On the other hand, in the stage device 50 within the working chamber 
31, the Y-table 52 is moved upward, as viewed in Fig . 6(a), toaposition 
at which the center line Oo-Oo of the X-table 53 substantially matches 
an X-axis Xi-Xi which passes a pivotal axis O2-O2 of the second carrier 
unit 63. The X-table 53 in turn is moved to the position closest to 
the leftmost position in Fig. 6(a), and remains awaiting at this 
position. 

When the second loading chamber 42 is evacuated to 
substantially the same degree of vacuum as the working chamber 31, 
the door 452 of the shutter 45 is moved to open the access ports 437, 
325, allowing the arm 632 to extend so that the leading end of the 
arm 632, which holds a wafer, approaches the stage device 50 within 
the working chamber 31. Then, the wafer is placed on the carrying 
surface 551 of the stage device 50. As the wafer has been placed on 
the carrying surface 551, the arm 632 is retracted, followed by the 
shutter 45 operated to close the access ports 437, 325. 

The foregoing description has been made on the operation 
until a wafer in the cassette c is carried and placed on the stage 
device 50 . For returning a wafer, which has been carried on the stage 
device 50 and processed, from the stage device 50 to the cassette 
c, the operation reverse to the foregoing is performed. Since a 
plurality of wafers are stored in the wafer rack 47, the first carrier 
unit 61 can carry a wafer between the cassette and the wafer rack 
47 while the second carrier unit 63 is carrying a wafer between the 
wafer rack 47 and the stage device 50, so that the testing operation 
can be efficiently carried out. 

Specifically, if a wafer A and a wafer B, both processed 
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already, are placed on the wafer rack 47 of the second carrier unit, 
the wafer B not processed is moved to the stage device 50 and a process 
starts. In the middle of the process, the processed wafer A is moved 
to the wafer rack 47 from the stage device 50. A unprocessed wafer 
C is likewise extracted from the wafer rack 47 by the arm and is aligned 
by the prealinghner . Then, the wafer C is moved to the wafer rack 
47 of the loading chamber 41. By doing so, it is possible to replace 
the wafer A with the unprocessed wafer C in the wafer rack 47 during 
the wafer B is being processed. 

Depending upon how such an apparatus for performing a test 
or evaluation is utilized, a plurality of the stage devices 50 can 
be disposed causing a wafer to be transferred from one wafer rack 
47 to each stage device, making it possible to process a plurality 
of wafers in a similar manner. 

Fig. 10 illustrates an exemplary modification to the method 
of supporting the main housing. In an exemplary modification 
illustrated in Fig. 10 [A] , a housing supporting device 33a is made 
of a thick rectangular steel plate 331a, and a housing body 32a is 
carried on the steel plate. Therefore, the bottom wall 321a of the 
housing body 32a is thinner than the bottom wall 222 of the housing 
body 32 in the foregoing embodiment. 

In an exemplary modification illustrated in Fig. 10 [B] , 
a housing body 32b and a loader housing 40b are suspended by a frame 
structure 3 3 6b of a housing supporting device 3 3b. Lower ends of a 
plurality of vertical frames 337b fixed to the frame structure 336b 
are fixed to four corners of a bottom wall 321b of the housing body 
32b, such that the peripheral wall and the top wall are supported 
by the bottom wall. A vibration isolator 37b is disposed between the 
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frame structure 336bandabase frame36b. Likewise, the loader housing 
40 is suspended by a suspending member 49b fixed to the frame structure 
336 . In the exemplary modification of the housing body 32b illustrated 
in Fig. 10 [B] , the housing body 32b is supported in suspension, the 
general center of gravity of the main housing and a variety of devices 
disposed therein can be brought downward. The methods of supporting 
the main housing and the loader housing, including the exemplary 
modifications described above, are configured to prevent vibrations 
from being transmitted from the floor to the main housing and the 
loader housing. 

In another exemplary modification, not shown, the housing 
body of the main housing is only supported by the housing supporting 
device from below, while the loader housing may be placed on the floor 
in the same way as the adj acent mini -environment device . Alternatively, 
in a further exemplary modification, not shown, the housing body of 
the main housing is only supported by the frame structure in suspension, 
while the loader housing may be placed on the floor in the same way 
as the adjacent mini -environment device. 

The electro-optical device 70 comprises a column 71 fixed 
'on the housing body 32. Disposed within the column 71 are an 
electro-optical system comprised of a primary electro-optical system 
(hereinafter simply called the "primary optical system") 72 and a 
secondary electro-optical system (hereinafter simply called the 
"secondary optical system") 74, and a detecting system 76, as 
illustrated generally in Fig. 11. The primary optical system 72 , which 
is an optical system for irradiating the surface of a wafer W under 
testing with an electron beam, comprises an electron gun 721 for emitting 
an electron beam; a lens system 722 comprised of electrostatic lenses 
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for converging a primary electron beam emitted from the electron gun 
721; a Wien filter (i.e., an ExB separator or an ExB filter) 723; 
and an objective lens system 724. These components are arranged in 
order with the electron gun 721 placed at the top, as illustrated 
in Fig. 11. The lenses constituting the objective lens system 724 
in this embodiment are deceleration electric field type objective 
lenses. In this embodiment, the optical axis of the primary electron 
beam emitted from the electron gun 721 is oblique to the optical axis 
of irradiation along which the wafer W under testing is irradiated 
with the electron beam (vertical to the surface of the wafer) . 
Electrodes 725 are disposed between the objective lens system 724 
and the waferW under testing. The electrodes 27 are axially symmetric 
about the optical axis of irradiation of the primary electron beam, 
and controlled in voltage by a power supply 726. 

The secondary optical system 74 comprises a lens system 
741 comprised of electrostatic lenses which pass secondary electrons 
separated from the primary optical system by an ExB deflector 723. 
This lens system 741 functions as a magnifier for enlarging a secondary 
electron image. 

The detecting system 76 comprises a detector 761 and a 
detector 763 which are disposed on a focal plane of the lens system 
741 . 

Next, the operation of the electro-optical device 70 
configured as described above will be described. 

The primary electron beam emitted from the electron gun 
721 is converged by the lens system 722 . The converged primary electron 
beam impinges on the ExB deflector 723, is deflected so that it is 
irradiated vertical to the surface of the wafer W, and focused on 
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the surface of the wafer W by the objective lens system 724. 

The secondary electrons emitted from the wafer by the 
irradiation of the primary electron beam are accelerated by the 
objective lens system 724, impinge on the ExB deflector 723, travels 
straight through the deflector 723, and are lead to the detector 761 
by the lens system 741 of the secondary optical system. Then, the 
secondary electrons are detected by the detector 761 which generates 
a detection signal to an image processing unit 763. 

Assume in this embodiment that the objective lens system 
724 is applied with a high voltage in a range of 10 to 20 kV, and 
a wafer has been prepared in place. 

Here, when the electrodes 725 are applied with a voltage 
of -200 V if the wafer W includes a via b, an electric field of 0 
to -0.1 V/mm ("-» indicates that the wafer W has a higher potential) 
is produced on the surface of the wafer W irradiated with the electron 
beam. In this state, although the wafer W can be tested for defects 
without causing a discharge between the objective lens system 724 
and the wafer W, a slight degradation is experienced in the efficiency 
of detecting the secondary electrons. Therefore, a sequence of 
operations involving irradiating the electron beam and detecting the 
secondary electrons is performed, for example, four times, such that 
the results of the four detections are applied with processing such 
as accumulative addition, averaging and so on to obtain a predetermined 
detection sensitivity. 

On the other hand, when the wafer is free from the via b, 
no discharge is caused between the objective lens system 724 and the 
wafer even if the electrodes 725 are applied with a voltage of +350, 
so that the wafer W can be tested for defects. In this event, since 
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the secondary electrons are converged by the voltage applied to the 
electrodes 725 and further converged by the objective lens 724, the 
detector 761 has an improved efficiency of detecting the secondary 
electrons . Consequently, the processing as the wafer defect detector 
is performed at a higher speed, so that the testing can be made at 
a higher throughput . 

The precharge unit 81 , as illustrated in Fig . 5, is disposed 
adjacent to the column 71 of the electro-optical device 70 within 
the working chamber 31. Since this testing apparatus is configured 
to test a substrate or a wafer under testing for LSI patterns or the 
like formed on the surface thereof by irradiating the wafer with an 
electron beam, so that the secondary electrons generated by the 
irradiation of the electron beam are used as information on the surface 
of the wafer. However, the surface of the wafer may be charged up 
depending on conditions such as the wafer material, energy of the 
irradiated electrons, and so on. Further, even on the surface of a 
single wafer, some region may be highly charged, while another region 
may be lowly charged . Variat ions in the amount of charge on the surface 
of the wafer would cause corresponding variations in information 
provided by the resulting secondary electrons, thereby failing to 
acquire correct information. 

For preventing such variations, in this embodiment, the 
precharge unit 81 is provided with a charged particle irradiating 
unit 811 . Before testing electrons are irradiated to a predetermined 
region on a wafer under testing, charged particles are irradiated 
from the charged particle irradiating unit 811 of the precharge unit 
81 to eliminate variations in charge. The charges on the surface of 
the wafer previously form an image of the surface of the wafer under 
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testing, which image is evaluated to detect possible variations in 
charge to operate the precharge unit 81 based on the detection. 

Alternatively, the precharge unit 81 may irradiate a blurred 
primary electron beam. 

Referring next to Fig. 12, the potential applying mechanism 
83 applies a potential of ± several volts to a carrier of a stage, 
on which the wafer is placed, to control the generation of secondary 
electrons based on the fact that the information on the secondary 
electrons emitted from the wafer (secondary electron generating rate) 
depend on the potential on the wafer. The potential applying mechanism 
83 also serves to decelerate the energy originally possessed by 
irradiated electrons to provide the wafer with irradiated electron 
energy of approximately 100 to 500 eV. 

As illustrated in Fig. 12, the potential applying mechanism 
83 comprises a voltage applying device 831 electrically connected 
to the carrying surface 541 of the stage device 50; and a charge-up 
examining/voltage determining system (hereinafter 

examining/determining system) 832 . The examining/determining system 
832 comprises a monitor 83 3 electrically connected to an image forming 
unit 763 of the detecting system 76 in the electro-optical device 
70; an operator 834 connected to the monitor 833; and a CPU 835 connected 
to the operator 834. The CPU 835 supplies a signal to the voltage 
applying device 831. 

The potential applying mechanism 83 is designed to find 
a potential at which the wafer under testing is hardly charged, and 
to apply such potential to the carrying surface 541. 

Referring next to Fig. 13, the electron beam calibration 
mechanism 85 comprises aplurality of Faraday cups 851 , 852 f ormeasuring 
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a beam current, disposed at a plurality of positions in a lateral 
region of the wafer carrying surface 541 on the turntable 54. The 
Faraday cups 851 are provided for a narrow beam (approximately § 2 
|im) , while the Faraday cups 852 for a wide beam (approximately <|> 30 
|im) . The Faraday cuts 851 for a narrow beam measure a beam profile 
by driving the turntable 54 step by step, while the Faraday cups 852 
for a wide beam measure a total amount of currents. The Faraday cups 
851, 852 are mounted on the wafer carrying surface 541 such that their 
top surfaces are coplanar with the upper surface of the wafer W carried 
on the carrying surface 541. In this way, the primary electron beam 
emitted from the electron gun 721 is monitored at all times. This 
is because the electron gun 721 cannot emit a constant electron beam 
at all times but varies in the emitting amount as it is used over 
time . 

The alignment controller 87, which aligns the wafer W with 
the electro-optical device 70 using the stage device 50, performs 
the control for rough alignment through wide view field observation 
using the optical microscope 871 (a measurement with a lower 
magnification than a measurement made by the electro-optical system) ; 
high magnification alignment using the electro-optical system of the 
electro-optical device 70; focus adjustment; testing region setting; 
pattern alignment ; and so on. The wafer is testedat a lowmagnif icat ion 
using the optical system in this way because an alignment mark must 
be readily detected by an electron beam when the wafer is aligned 
by observing patterns on the wafer in a narrow view field using the 
electronbeam for automatically testing the wafer for patterns thereon . 

The optical microscope 871 is disposed on the housing 30 
(alternatively, may be movably disposed within the housing 30) , with 
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a light source, not shown, being additionally disposed within the 
housing 3 0 for operating the optical microscope. The electro-optical 
system for observing the wafer at a high magnification shares the 
electro-optical systems (primary optical system 72 and secondary 
optical system 74 ) of the electro-optical device 70 . The configuration 
may be generally illustrated in Fig. 12. For observing a point of 
interest on a wafer at a low magnification, the X-stage 53 of the 
stage device 50 is moved in the X-direction to move the point of interest 
on the wafer into a field of the optical microscope 871. The wafer 
is viewed in a wide view field by the optical microscope 871, and 
the point of interest on the wafer to be observed is displayed on 
a monitor 873 through a CCD 872 to roughly determine a position to 
be observed. In this event, the magnification of the optical 
microscope may be changed from a low magnification to a high 
magnification . 

Next , the stage device 50 is moved by a distance corresponding 
to a spacing Sx between the optical axis of the electro-optical device 
70 and the optical axis of the optical microscope 871 to move the 
point on the wafer under observation, previously determined by the 
optical microscope 871 , to a point in the field of the electro-optical 
device 70 . In this event , since the distance 5x between the axis O3 -O3 
of the electro-optical device and the axis O4-O4 of the optical 
microscope 871 is previously known (while it is assumed that the 
electro-optical device 70 is deviated from the optical microscope 
871 in the direction along the X-axis in this embodiment, they may 
be deviated in the Y-axis direction as well as in the X-axis direction) , 
the point under observation can be moved to the viewing position by 
moving the stage device 50 by the distance 8x. After the point under 
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observation has been moved to the viewing position of the 
electro-optical device 70, the point under observation is imaged by 
the electro-optical system at a high magnification for storing a 
resulting image or displaying the image on the monitor 765 through 
the CCD 761. 

After the point under observation on the wafer imaged by 
the electro-optical system at a high magnification is displayed on 
the monitor 765, misalignment of the stage device 50 with respect 
to the center of rotation of the turntable 54 in the wafer rotating 
direction, and misalignment 50 of the stage device 50 with respect 
to the optical axis O3-O3 of the electro-optical system in the wafer 

rotating direction are detected in a known method, and misalignment 
of a predetermined pattern with respect to the electro-optical device 
in the X-axis and Y-axis is also detected. Then, the operation of 
the stage device 50 is controlled to align the wafer based on the 
detected values and data on a testing mark attached on the wafer or 
data on the shape of the patterns on the wafer which have been acquired 
in separation. 

The testing apparatus as described with reference to Figs. 
5 to 14, usedinthe wafer testingprocess (G) in the device manufacturing 
method described with reference to Figs. 3 and 4(a) and 4(b), can 
detect semiconductor devices having fine patterns with high throughput , 
thereby enabling all wafers to be tested, the yield rate of the products 
to be improved and defective products to be prevented from being shipped. 
In this regards, the description made with reference to Figs. 3, 4 (a) 
and 4 (b) is incorporated herewith by reference and is omitted here 
accordingly. 
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Embodiment Relating to Column (Third Embodiment) 

Now, an electron beam apparatus, which is a third embodiment 
of the electron beam apparatus according to the present invention, 
will be described with reference to Fig. 15. This electron beam 
apparatus is suitable for evaluating and testing samples such as wafers , 
masks and so on which have patterns with a minimum line width of 0 . 1 
micron or less at a high throughput and high reliability, and can 
be used for manufacturing of devices. 

An electron beam apparatus using mult i -beams is already 
known. For example, a known electron beam apparatus emits one or more 
electron beams converged to a predetermined diameter from an electron 
beam source which is focused on the surface of a sample under testing, 
moves the sample under testing to scan the electron beams on the surface 
of the sample under testing, detects secondary electron beams emitted 
from the sample under testing and reflected electron beams using a 
plurality of detecting devices, and simultaneously or parallelly 
processes outputs of the detecting devices to reduce a time required 
for evaluating fine patterns. 

Also, a known fine pattern evaluation apparatus irradiates 
a sample under testing with a plurality of primary electron beams, 
detects secondary electron beams emitted as the result and reflected 
electron beams for each primary electron beam, and adjusts voltages 
on electrodes and excitation currents for each primary electron beam, 
in order to eliminate variations in the spot shapes of electron beams 
emitted from a plurality of electron beam sources to improve the 
precision of the evaluation on fine patterns. 

In such a multi -beam- type electron beam apparatus, the 
electron beam source section requires a different degree of vacuum 
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from a lens/deflection system. For example, in a multi-emitter or 
thermal field emission type electron beam source, a safe operation 
is not ensured unless the degree of vacuum higher than 10" 8 torr 
is provided near a cathode of the electron beam source, while the 
lens/deflection system can sufficiently operate if the degree of vacuum 
on the order of 10" 6 torr is achieved even in case an electrostatic 
lens and an electrostatic deflector are used. There is therefore a 
problem that a predetermined degree of vacuum must be maintained for 
each component of the electron beam apparatus. 

Also, since an extremely large number of ions exist on the 
optical axis of the electron beam within a column of an electronic 
microscope, another problem is that positive ions collide with the 
cathode of the electron beam source to perforate the cathode . Further, 
actually, no clear solution has been given to a problem of how respective 
columns are fixed when a multi-beam and multi-column electron beam 
apparatus is to be manufactured. 

An electron beam apparatus illustrated in Fig. 15, which 
has been proposed to solve the problems mentioned above, is 
characterized by holding a high degree of vacuum in an electron beam 
source section even when the degree of vacuum is low in a lens/ deflection 
system, thereby preventing damages of the cathode of the electron 
beam source and making itself resistant to vibrations. 

In Fig. 15, the electron beam apparatus has a 
multi-beam/multi-column structure, wherein an electron beam source 
section X and an electro-optical system Y are separated by a thick 
partition wall S which has both ends fixed to a column (not shown) . 
The electron beam source section X comprises a plurality of electron 
beam source chambers 901 , each in a cylindrical shape, mutually coupled 
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by a bellows 902. Each of the electron beam source chambers 901 
comprises a thermal field emission type electron beam source 905 which 
is comprised of a TFE cathode 903 and a Schottky shield 904. Each 
of the electron beam sources 905 is powered through a high voltage 
cable 906, and emits an electron beam from the TFE cathode 903. TFE 
is an acronym of thermal field emission. 

Each of the electron beam source chamber 901 is fixed to 
the partition wall S with a screw 907 . Therefore, the partition wall 
S needs to have a predetermined thickness to have a sufficient rigidity . 
If the partition wall S is not sufficient in rigidity, a reinforcing 
rib is desirably disposed between adjacent electron beam source 
chambers 901. Each of the electron beam source chambers 901 is 
connected to an ion pump (not shown) for evacuation. 

The partition wall S is formed with a predetermined number, 
for example, four of holes 908 on a circumference about the optical 
axis of the electron beam source 905 of each electron beam source 
chamber 901 such that electron beams emitted from surfaces of tungsten 
<301> or <100> orientation surface of the TFE cathode 3 in the respective 
electron beam sources 905 can fully pass through the partition wall 
S . These holes 908 each have a large aspect ratio (ratio of the diameter 
of the hole to the length of the hole) so as not to deteriorate the 
degree of vacuum in the electron beam source chamber, and is formed 
to have a larger diameter as it is further away from the TFE cathode 
903. Alternatively, each of the holes 908 may be obliquely formed 
in a direction away from the optical axis at a lower location. Generally, 
the aspect ratio may preferably be 10 or more. 

On the other hand, the electro-optical system Y has a 
lens/deflection system 910 arranged corresponding to each of the 
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electron beam source chambers 901 in order to reshape each of electron 
beams emitted from the plurality of electron beam source chambers 
901 such that a sample W such as a wafer is irradiated with the plurality 
of electron beams. Each of the lens/deflection system 910 comprises 
an elongated pipe 909 fixed to the partition wall S with a screw 911 
so as to surround, for example, the four holes 908 which allow electron 
beams from corresponding electron beam sources 905 to pass therethrough 
In each of the pipes 909, a required lens and deflector are arranged 
for reshaping electron beams, which have passed through, for example, 
the four holes 908 of the partition wall S, and for directing them 
perpendicular to the sample W. In this way, the multi-column 
electro-optical system Y is configured. 

Thus, each lens/deflection system 910 has, within the pipe 
909, a condenser lens 912, a multi-opening plate 913, a reduction 
lens 914, a deflector 915 and an objective lens 916 arranged in order. 
The condenser lenses 912 converge electron beams which have passed 
through the respective holes 908 formed through the partition wall 
S . The mult i -opening plates 913 comprise a number of small holes equal 
to the holes 908 in the portion of the partition wall S surrounded 
by the pipe 909 so as to pass therethrough the electron beams converged 
by the condenser lenses 912. The reduction lenses 914 reduce the 
dimension and interval of the electron beams , which have passed through 
the mult i -opening plate 913, so that they pass through the deflectors 
915. The deflector 915 changes the direction in which the electron 
beam travels such that the electron beam reduced by the reduction 
lens 914 scans on the sample. The objective lens 916 focuses the 
electron beam passing through the deflector 915 on the sample W. 

Each of the pipes 909 is provided with an exhaust hole 917 
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through which the interior of each pipe 90 9 is held at a vacuum by 
a pump for maintaining the interior of the column (not shown) , which 
houses the partition wall S, electron beam source section Y and 
electro-optical system Y at a vacuum. Also, the condenser lens 912, 
multi-opening plate 913, reduction lens 914, deflector 915 and 
objective lens 916 are applied with required voltages through lead 
lines illustrated by dotted lines in Fig . 15 . The condenser lens 912 , 
multi-opening plate 913, reduction lens 914, deflector 915 and 
objective lens 916 are attached on the inner wall of the pipe 909 
through an insulating spacer 918, as required. 

The electron beam apparatus illustrated in Fig. 15 can be 
used in the testing process (G) described with reference to Figs. 
3 and Figs. 4(a), 4(b) as an evaluation apparatus for testing for 
defects, measurement of line widths, measurement of alignment 
precision, measurement of potential contrast , defect review, or strobe 
SEM in order to evaluate a wafer in the middle of the process. In 
this regard, the description related to Figs. 3 and Figs. 4(a) , 4(b) 
is incorporated herewith by reference and is omitted here accordingly. 

Embodiment Relating to Structure of Electrodes (Fourth Embodiment) 
A fourth embodiment of the present invention relates to 
an electron beam apparatus which comprises an electrode structure 
for preventing the breakdown in an electro-optical system which uses 
an electrostatic lens for irradiating a sample with an electron beam, 
and a device manufacturing method using this apparatus. 

Up to now, studies have been made for applying a high 
sensitivity, high resolution electron beam apparatus which utilizes 
electron beams in order to test a surface state of a fine sample for 
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which optical testing alone cannot be relied on to provide sufficient 
sensitivity and resolution. 

Such an electron beam apparatus emits an electron beam from 
an elect ron beam source , accelerates and converges the emitted electron 
beam by an electrostatic optical system such as an electrostatic lens, 
and directs the electron beam to a sample or an object under testing. 
Next , a secondary electron beam emitted from the sample by the incident 
electron beam is detected to generate a signal corresponding to the 
detected secondary electron beam, and data on the sample, for example, 
is formed from this signal. The surface state of the sample is tested 
using the formed data. 

In an electro-optical system using an electrostatic lens 
such as an electrostatic lens for use in such an electron beam apparatus, 
electrodes for generating an electric field for accelerating or 
converging an electron beam are arranged in the direction of the optical 
axis of the electron beam at multiple stages. These electrodes are 
each applied with a predetermined voltage, such that the electron 
beam is accelerated or converged at a predetermined point on the optical 
axis by the electric field generated due to a difference in potential 
on the electrodes. 

In a conventional electron beam apparatus, a portion of 
electron beams emitted from an electron beam source may collide with 
electrodes irrespective of an electric field in an electro-optical 
system using an electrostatic lens . In this event , the electron beams 
collide with electrodes to emit secondary electron beams from the 
electrodes themselves . The amount of secondary electron beams emitted 
from the electrodes depends on the material of the electrodes or a 
material coated on the electrodes. As a larger number of secondary 
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electron beams are emitted from the electrodes , the secondary electron 
beams are accelerated by the electric field of the electrodes to ionize 
a residual gas within the apparatus. Then, the ions collide with the 
electrodes, causing further secondary electron beams to be emitted 
from the electrodes. Therefore, as a large amount of secondary 
electron beams are emitted, a discharge is more likely to occur between 
electrodes, resulting in an increased probability of breakdown between 
electrodes . 

For example, comparing the probability of breakdown between 
an electrode coated with aluminum and an electrode coated with gold, 
the probability of breakdown is slightly higher with the aluminum 
coated electrode. Aluminum has a work function of 4 . 2 [eV] , while 
gold has a work function of 4 . 9 [eV] . Here, the work function refers 
to minimum energy required to draw out one electron within the metal 
into a vacuum (unit: eV) . 

Also, when an electrode is coated with gold, and a sample 
in the electron beam apparatus is a semiconductor wafer, the gold 
is sputtered by electron beams colliding with the coated gold, resulting 
in the gold attached on the surface of the semiconductor wafer. The 
gold attached on the surface of the semiconductor would be diffused 
into silicon crystals in subsequent thermal processes, resulting in 
deteriorated performance of transistors. Therefore, in this case, 
the electron beam apparatus is not suitable for testing a semiconductor 
wafer . 

On the other hand, in an electrostatic lens, for example, 
of an electro-optical systemusing the electrostatic lens , the distance 
between electrodes is reduced to provide an electrostatic lens with 
a short focal length. A shorter focal length reduces an aberration 
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coeff icient of the electrostatic lens and is of low aberration, with 
the result that the electrostatic lens has a high resolution and that 
the evaluation apparatus is improved in resolution. 

Alternatively, an electrostatic lens with a short focal 
length can be provided by increasing potential differences applied 
between electrodes of the electrostatic lens. Thus, as is the case 
of reducing the distance between electrodes, the electrostatic lens 
exhibits low aberration and high resolution, so that the electron 
beam apparatus is improved in resolution. As such, with a reduced 
distance between electrodes and larger potential differences between 
electrodes, the electrostatic lens can be synergistically provided 
with lower aberration and higher resolution. However, a shorter 
distance between electrodes and a larger potential difference between 
the electrodes would result in a problem of higher susceptibility 
to a discharge between the electrodes and an increased probability 
of breakdown between the electrodes . 

Conventionally, an insulating material is inserted between 
electrodes which are supported by the insulating material, to hold 
insulation between the electrodes . Also, the insulating performance 
on the surface of the insulating material is improved by increasing 
a minimum creeping distance (insulating surface length) of the 
insulating material between the electrodes . For example, the minimum 
creeping distance between electrodes is increased, for example, by 
forming the surface of an insulating material in the shape of crimps 
in the direction along the electrodes. 

However, the surface of an insulating material is generally 
difficult in working as compared with a metal, so that the working 
cost becomes higher. Also, the surface of the insulating material 
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formed in a crimp shape or the like results in a larger surface area 
of the insulating area, so that gases emitted from the insulating 
material may increase when a vacuum is held in the electron beam 
apparatus . Therefore, in many cases, the degree of vacuum is reduced, 
resulting in a lower resistance voltage between electrodes on the 
contrary. 

The fourth embodiment of the present invention has been 
proposed to solve such problems . In the following, the configuration 
and operation of a image projection type evaluation apparatus having 
an electrostatic optical system, and a device manufacturing method 
using the apparatus will be described for the case where the image 
projection type evaluation apparatus is applied with the electron 
beam apparatus which is capable of preventing the breakdown between 
electrodes in the electrostatic optical system according to the present 
invention. 

In Fig. 16, in a image pro j ect ion type evaluation apparatus 
1000, an electron beam irradiated to a sample has a predetermined 
irradiation face, and a secondary electron beam radiated from the 
sample irradiated with the electron beam also has a predetermined 
radiation face. From an electron beam source 1001, an electron beam 
having a two-dimensional region, for example, a rectangular radiation 
face is irradiated and deflected by an electrostatic lens system 1002 
in a predetermined direction . The deflected electron beam is directed 
to an ExB deflector 1003 diagonally from above, and is deflected in 
the direction of a semiconductor wafer 1006, which is a sample, by 
a field in which an electric and magnetic field of the ExB deflector 
1003 are produced orthogonal to each other (a solid line in Fig. 16) . 

The electron beam deflected toward the semiconductor wafer 
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1006 by the ExB deflector 1003 is decelerated by an electric field 
generated by voltages applied to electrodes within the electrostatic 
objective lens system 1005, and focused on the semiconductor wafer 
1006 by the electrostatic objective lens 1005. 

Next, a secondary electron beam generated by the irradiation 
of the electron beam to the semiconductor wafer 1006 is accelerated 
by the electric field of the electrostatic objective lens system 1005 
in the direction of a detector 1008 (a dotted line in Fig. 16) , and 
directed into the ExB deflector 1003 . The ExB deflector 1003 deflects 
the accelerated secondary electron beam toward an electrostatic 
intermediate lens system 1007. Next, the electrostatic intermediate 
lens system 1007 focuses the secondary electron beam into the detector 
1008 to detect the secondary electron beam. The secondary electron 
beam detected by the detector 1008 is converted into data which is 
transmitted to a display device 1009, and an image of the secondary 
electron beam is displayed on the display device 1009 for testing 
patterns on the semiconductor wafer 1006. 

Next, described in detail will be the configuration of the 
electrostatic lens system 1002, electrostatic objective lens 1005, 
electrostatic intermediate lens system 1007 and ExB deflector 1003 
in the image projection type evaluation apparatus 1000. The 
electrostatic lens system 1002 and electrostatic objective lens system 
1005, through which an electron beam passes, and the electrostatic 
intermediate lens system 1007, through which a secondary electron 
beam passes, include a plurality of electrodes for generating 
predetermined electric fields. Also, all of these electrodes are 
coated with platinum on their surfaces. Further, electrodes 1004 of 
the ExB deflector 1003 are also coated with platinum on their surfaces . 
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Now, a breakdown occurrence probability will be described 
for each of metals coated on electrodes with reference to Fig. 17. 
The breakdown occurrence probability is represented by a relative 
hierarchical relationship for each metal. Also, it is assumed that 
in the image projection type evaluation apparatus, other testing 
conditions are identical except for the type of metal coated on 
electrodes . 

First , comparing the probability of producing the breakdown 
between an electrode coated with aluminum and an electrode coated 
with gold, the electrode coated with gold exhibited a slightly lower 
probability of breakdown. Therefore, the gold is more effective in 
preventing the breakdown. Further, comparing the probability of 
producing the breakdown between an electrode coated with gold and 
an electrode coated with platinum, the electrode coated with platinum 
exhibited a yet lower probability of breakdown. 

Here, in regard to the work function of each metal, aluminum 
has a work function of 4 . 2 [eV] ; gold 4.9 [eV] , and platinum 5.3 [eV] . 
Here, the work function refers to minimum energy required to emit 
one electron beam within the metal into a vacuum (unit :eV) . In other 
words, as the value of work function is larger, an electron beam is 
more difficult to emit. 

Therefore , in the image pro j ec t ion type evaluat ion apparatus 
1000, when an electron beam emitted from the electron beam source 
1001 collides with an electrode, a less amount of secondary electron 
beam will be emitted from the electrode if the electrode is coated 
with a metal having a large value of work function (including an alloy 
made of a metal having a large value of work function as a main material) , 
so that the probability of producing the breakdown of the electrode 
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is reduced. For this reason, a metal having a large work function 
is preferable to certain extent. Specifically, when an electrode is 
coated with a metal having a work function equal to 5 [eV] , it is 
possible to suppress the probability of producing the breakdown of 
the electrode. 

Also, when a sample under testing is the semiconductor 1006 
and an electrode is coated with gold, as in this embodiment , an electron 
beam may collide with gold in some cases to result in the gold attached 
on a surface of the semiconductor wafer 1006. Therefore, if the 
electrode is coated with platinum in this embodiment, no platinum 
will be attached on a surface of the semiconductor wafer 1006. Even 
attachment of platinum would not deteriorate the device performance. 
In addition, the occurrence of producing the breakdown of the electrode 
is reduced, so that the electrode coated with platinum is more 
preferable . 

Next, an example of the shape and structure of electrodes 
will be described with reference to Figs. 18 and 19. In Fig. 18, 
electrodes 1010 are electrodes of an electrostatic lens included in 
the electrostatic lens system 1002, electrostatic objective lens 
system 1005 and electrostatic intermediate lens system 1007. 

The electrodes 1010 are in the shape of disk formed with 
a throughhole substantially at the center thereof, through which an 
electron beam and a secondary electron beam can pass. In the image 
projection type evaluation apparatus 1000 of this embodiment, the 
electrodes 1010 are applied with a predetermined voltage by a power 
supply, not shown. 

Fig . 19 is a partial cross -sectional view of a surf ace port ion 
of an electrode 1010. The surface of the electrode 1004 in the ExB 



-95- 



deflector 1003 may have an equivalent structure to the surface of 
the electrode 1010. A material for the electrodes 1010 comprises 
silicon bronze 1010a . Titanium 1010b is sputter coated in a thickness 
of 50 nm on the silicon bronze 1010a worked into a required dimensional 
shape, and platinum 1010c is further sputter coated in a thickness 
of 200 nm on the titanium 1010b to form the electrode 1010. 

Now, the structure of electrodes for preventing a breakdown 
between the electrodes when a large potential difference is present 
between the electrodes in this embodiment will be described in detail 
with reference to Figs. 20 and 21. Electrodes 1020, 1022 in Fig. 20 
are electrodes included, for example, in the electrostatic objective 
lens system 1005, and platinum is coated on the electrodes, as mentioned 
above. Also, the electrodes 1020 , 1022 are applied with predetermined 
voltages by a power supply, not shown. In this embodiment, the 
electrode 1022 on the semiconductor wafer 1006 side is applied with 
a high voltage, for example, a voltage of 15 kV, while the electrode 
1020 is applied with a voltage of 5 kV. 

Throughholes 1024, through which the electron beam and 
secondary electron beam pass, are formed in central portions of the 
electrodes 1020, 1022, and an electric field is formed within the 
throughhole 1024 by a potential difference between the electrodes 
1020, 1022. Electron beams are decelerated and converged by this 
electric field, and irradiated to the semiconductor wafer 1006. In 
this event, since the potential difference between the electrodes 
is large, an electrostatic objective lens having a short focal length 
can be used for the electrostatic objective lens system 1005. 
Consequently, the electrostatic objective lens system 1005 exhibits 
low aberration and high resolution. 
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An insulating spacer 1026 is inserted between the electrodes 
1020 and 1022, where the insulating spacer 1026 substantially 
vertically supports the electrodes 1020, 1022. A minimum creeping 
distance of the insulating spacer 1026 between the electrodes is 
substantially the same as the distance between portions of the 
electrodes supported by the insulating spacer 1026. In other words, 
the surface of the insulating spacer 1026 between the electrodes is 
not formed in the shape of crimps in the direction along the electrodes 
but substantially in a linear shape. 

The electrode 1022 has a first electrode surface 1022b at 
a minimum distance between the electrodes, a second electrode surface 
1022c having an inter-electrode distance longer than the first 
electrode surface 1022b, and a step 1022d (Fig. 21) between the first 
electrode surface 1022b and the second electrode surface 1022c in 
the direction along these two electrodes . The insulating spacer 1026 
supports the electrode 1022 on the second electrode surface 1022c. 

Since the electrode 1022 is shaped as described, it is 
possible to make the minimum creeping distance of the insulating spacer 
1026 longer than the minimum distance between the electrodes while 
holding the minimum distance between the electrodes at a predetermined 
distance, without creating crimps or the like on the surface of the 
insulating spacer 1026 in the direction along the electrodes. Also, 
since the surface of the insulating spacer 1026 is not applied with 
a large electric field, the resulting structure is less susceptible 
to a creeping discharge. 

Consequently, the electrostatic objective lens system 1005 
can be an electrostatic objective lens with a short focal length, 
low aberration and high resolution, and the insulating performance 
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of the insulating spacer 1026 is not degraded between the electrodes, 
so that the breakdown between the electrodes can be prevented. Further, 
since the metal-made electrode 1022 is worked to have the step 1022d, 
a working cost is less expensive than working the insulating spacer 
1026. In addition, the surface of the insulating spacer 1026 is 
substantially free of ruggedness in the direction along the electrodes , 
so that gases emitted from the insulating spacer 1026 will not be 
increased. Furthermore, since corner portions between an open end 
1020a of the through hole 1024 of the electrode 1020 and an open end 
1022a of the throughhole 1024 of the electrode 1022 are formed with 
curvatures, no electric field will be concentrate on both corner 
portions, so that the breakdown between the electrodes can be more 
reliably prevented . Moreover, since a corner portion of the step 1022d 
of the electrode 1022 between the electrodes is formed with a curvature, 
no electric field will be concentrate on both corner portions, so 
that the breakdown between the electrodes can be more reliably 
prevented. 

While in the fourth embodiment, the step 1022d is formed 
in the electrode 1022, the electrode 1020 may also be worked to have 
a step toward the electrode 1022, or in place of the electrode 1022, 
the electrode 102 0 alone maybe worked to have a step toward the electrode 
1022. Also, while the electrodes having the insulating spacer 1026 
inserted therebetween has been described in the electrostatic 
objective lens system 1005, the insulating spacer may be applied to 
another electrostatic lens system, if it includes electrodes with 
a large potential difference generated therebetween, thereby making 
it possible to prevent a breakdown between the electrodes. 

The fourth embodiment described with reference to Figs. 
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16 - 21 canbe used in the testingprocess (G) in the device manufacturing 
method previously described with reference to Figs . 3 and Figs . 4 (a) , 
4 (b) to evaluate a semiconductor wafer without causing a breakdown 
between electrodes in any electrostatic lens system. In this regard, 
the description related to Figs. 3 and Figs. 4(a), 4(b) is cited, 
so that description herein is omitted. 

Embodiment Relating to Deflection (Fifth Embodiment) 

A fifth embodiment of the present invention relates to an 
electron beam apparatus which is capable of performing testing for 
defects on patterns with a minimum line width of 0.2 micrometers or 
less, measurement of line widths, measurement of alignment precision, 
stopgap measurement, high time resolution potential contrast 
measurement, and so on at a high throughput and high reliability, 
and a device manufacturing method using the apparatus. 

A known electron beam apparatus employs a Wien filter to 
separate a primary electron beam from a secondary electron beam emitted 
from a sample irradiated with the primary electron beam. For example, 
a known electron beam apparatus emits a primary electron beam from 
an electron beam source such that it forms a predetermined angle with 
respect to the optical axis perpendicular to a sample, deflects the 
travelling direction of the primary electron beam by a Wien filter 
so as to go along the optical axis such that the primary electron 
beam impinges perpendicularly on the sample, and separates a secondary 
electron beam emitted from the sample from the primary electron beam 
by the Wien filter to force the secondary electron beam to travel 
along the optical axis and impinge on a detector. Also, another known 
electron beam apparatus directs a primary electron beam 
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perpendicularly into a sample, separates a secondary electron beam 
emitted thereby from the sample by an ExB separator from the primary 
electron beam and inputs the secondary electron beam to a detector. 

Such conventional electron beam apparatuses have a problem 
of inability to focus down a beam comprised of primary electron beam 
since the primary electron beams having a large energy width are 
deflected at different angles by the ExB separator depending on the 
magnitude of energy possessed by the primary electron radiations, 
causing chromatism in the primary electron beams. The problem of 
chromatism is also found in an electron beam apparatus which forces 
a secondary electron beam emitted from a sample irradiated with a 
primary electron beam to linearly impinge on a detector along the 
optical axis . When the secondary electron beam emitted from a sample 
has a wide energy width, chromatism is generated when the secondary 
electron beam passes through a secondary optical system, thereby 
adversely affecting accurate detection of the secondary electron beam. 

The fifth embodiment of the present invention has been 
proposed to solve the problems of the conventional electron beam 
apparatuses as mentioned above, and provides a means for largely 
reducing the effect of chromatism on a Wien filter in an electron 
beam apparatus which narrows down the primary electron beam for scanning 
a sample, or for largely reducing chromatism caused by the energy 
width of the secondary electron beam in an electron beam apparatus 
which images and projects an image of the secondary electron beam 
for detection. 

Also, the fifth embodiment of the present invention is 
suitable for a defect testing apparatus and so on which use the electron 
beam apparatus which achieves a reduction in chromatism as mentioned. 
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Further, a wafer in the middle of a process can be tested using such 
a defect testing apparatus and so on in a device manufacturing method. 

In Fig. 22, a primary system including an electron beam 
source, and a secondary system including a detector are arranged 
opposite to each other with respect to the optical axis X perpendicular 
to a sample, at a predetermined angle formed therebetween. In Fig. 
22, a primary electron beam 1102 emitted from the electron beam source 
1101 is shaped into a rectangle by an opening (not shown) , reduced 
by lenses 1103, 1104, and impinges on a Wien filter 1105. In this 
event, assume that the angle formed by the primary electron beam 1012 
to the optical axis X is 3a. Specifically, the Wien filter 1105 
comprises electrodes 1106 for creating an electric field for 
electrostatic deflection, and a magnet 1107 for creating a magnetic 
field for electromagnetic deflection. The Wien filter 1105 deflects 
the primary electron beams 1102 incident thereon to the left, i.e., 
closer to the optical axis Xby an angle a by an electrostatic deflection 
of the electrodes 1106, and deflects the primary electron beam 1102 
to the left by an angle 2a by an electromagnetic deflection of the 
magnet 1107, i.e., deflects the primary electron beam 1102 to the 
left totally by the angle 3a, and forces the deflected primary electron 
beam 1102 to travel along the optical axis X perpendicular to a sample 
1108. Subsequently, the primary electron beam 1102 impinges on the 
sample 1108 through lens systems 1109, 1110 and is irradiated to the 
sample 1108. The angle a is, for example, 10 degrees. 

A secondary electron beam 1111 emitted from the sample 1108 
by the irradiation of the primary electron beam 1102 is enlarged by 
the lens systems 1109, 1110, and then impinges on the Wien filter 
1105 which deflects the secondary electron beam 1111 to the right 
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by a degrees from the optical axis X, i.e., further away from the 
optical axis by the deflection of its electrode 1106 and magnet 1107. 
The secondary electron beam 1111 separated from the primary electron 
beams by the Wien filter 1105 is enlarged by a secondary optical system 
including lens systems 1112, 1113, and focused on a detector 1114. 
The output of the detector 1114 is processed as appropriated by an 
image processing unit 1115 and stored in an image memory 1116. 

In the fifth embodiment , chromatism causedby the Wien filter 
1105 is more problematic in the secondary optical system for processing 
the secondary electronbeams 1111 . Thus , for eliminating the influence 
of the chromatism caused by the Wien filter 1105 on the secondary 
electron beam 1111, the Wien filter 1105 is arranged such that its 
electrostatic deflection and electromagnetic deflection deflect the 
secondary electron beams in direction opposite to each other, and 
such that a predetermined relationship is established between an angle 
by which the secondary electron beam is deflected by the electrostatic 
deflection and anangleby which the secondary electron beam is deflected 
by the electromagnetic deflection. In this way, the secondary electron 
beam 1111 emitted from the sample 1108 and traveling along the optical 
axis X is deflected by a predetermined angle in the direction opposite 
to the primary electron beams 1102 with respect to the optical axis 
X, and in this event, the chromatism due to an energy width possessed 
by the secondary electron beam 1111 can be reduced to a neglectable 
magnitude . 

Thus, when the secondary electron beams 1111 impinges on 
the Wien filter 1105 , the electrode 1106 of the Wien filter 1105 deflects 
the secondary electron beam 1111 to the left, i.e., closer to the 
optical axis X by an angle a by the electrostatic deflection, while 
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the magnet 1107 deflects the secondary electron beam 1111 to the right , 
i.e., further away from the optical axis X by an angle 2a. In this 
event, assuming that the beam energy of the secondary electron beams 
incident on the Wien filter 1105 is Vo, a secondary electron beam 
having energy smaller than Vo by AV is deflected by the electrodes 
1106 by an angle: 

a/(l-AV/Vo) = p 

to the left from the optical axis, i.e., closer to the optical axis 
X. Simultaneously, the secondary electron beam 1111 having energy 
smaller than Vo by AV is deflected by the magnet 1107 by an angle: 

2a/ {1- (AV/Vo) }l/2 = y 
to the right with respect to the optical axis X, i.e., further away 
from the optical axis X. In a primary approximation: 

(1-AV/Vo)- 1 = (1+AV/Vo) ; and 

2{ (1-AV/Vo) }" 1/2 = 2{l+(l/2) (AV/Vo) } 
are derived, so that the following equation is established: 

y - P = 2a{l+ (1/2) (AV/Vo) } -a(l+AV/Vo) = a 
Stated another way, a term related to the energy width of the secondary 
electron beam is erased by canceling the electrostatic deflection 
and the electromagnetic deflection of the Wien filter 1105, so that 
the secondary electron beam 111 is deflected by the Wien filter 1105 
to the right with respect to the optical axis X, i.e., further away 
from the optical axis X by the angle a, thereby making it possible 
to neglect the chromatism caused by the Wien filter 1105. 

Fig. 23 is a diagram illustrating in detail the configuration 
of the fifth embodiment of the present invention . In Fig. 23, a primary 
electron beam 1102 emit ted from an electron beam source 1101 is converged 
to an opening of a blanking opening plate 1121 by a condenser lens 
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1120. The primary electron beam 1102 passes an opening plate 1122 
having a large number of openings before traveling to the opening 
plate 1121, whereby the primary electron beam 1102 is transformed 
into multiple beams having a desired number of thin beams . The multiple 
primary electron beams 1102 pass through the opening plate 1121, are 
reduced to beams of a predetermined dimension by reduction lenses 
1123, 1124 to form a reduced image 1122', and then enter the Wien 
filter 1105. In this event, the angle of the primary electron beams 
1102 formed with the optical axis X is a. The primary electron beams 
1102 are deflected by the Wien filter 1105 by the angle a, travel 
along the optical axis X perpendicular to the sample 1108, and are 
reduced by an objective lens 1125 and symmetric electrodes 1126 and 
irradiated to the sample 1108. 

For scanning the sample 1108 in a direction perpendicular 
to a direction in which openings are arranged on the opening plate 
1122 (in Fig. 23, the direction perpendicular to the sheet) with the 
primary electron beams 1102 exiting the Wien filter 1105, scanning 
electrodes 1127, 1128 are placed along the optical path of the primary 
electron beams 1102. Also, blanking deflectors 1130, 11131 are 
arranged for deviating the traveling direction of the primary electron 
beams 1102 from a normal traveling direction during a blanking period 
such that the primary electron beams 1102 travel along an optical 
path 1129. 

The sample 1108 emits secondary electron beams 1111 from 
respective locations irradiated respectively with a plurality of thin 
beams which constitute the primary electron beams 1102 . The multiple 
secondary electron beams 1111 thus emitted are separated from the 
primary electron beams by the Wien filter 1105, enlarged by focusing 
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electro-optical systems 1132, 1133, pass through an opening plate 
1134 having openings corresponding to the openings of the opening 
plate 1122, and impinge on multiple detectors 1135. Here illustrated 
in Fig. 23 is that the opening plate 1122 and opening plate 1134 are 
rotated by 90° about the optical axis. 

While the chromatism caused by the Wien filter 1105 is also 
problematic for the primary electron beams and secondary electron 
beams in this case, the influence of the chromatism generated in the 
secondary optical system can be reduced by extending mutual intervals 
of the plurality of beams which constitute the multiple beams. 

On the other hand, for eliminating the influence exerted 
by the chromatism caused by the Wien filter 1105 on the primary electron 
beams 1102, in Fig. 23, the Wien filter 1105 is arranged such that 
its electrostatic deflection and electromagnetic deflection deflect 
the primary electron beams in direction opposite to each other, and 
such that a predetermined relationship is established between an angle 
by which the primary electron beams are deflected by the electrostatic 
deflection and an angle by which the primary electron beams are deflected 
by the electromagnetic deflection. In this way, the primary electron 
beams 1112 emitted from the electron beam source 1101 and traveling 
obliquely with respect to the optical axis X are deflected by a 
predetermined angle to the left with respect to the optical axis X, 
i.e. , closer to the optical axis X, and in this event, the chromatism 
due to an energy width possessed by the primary electron beams 1102 
can be reduced to a neglectable magnitude. 

Specifically describing the foregoing, the Wien filter 1105 
deflects the primary electron beams 1102 to the right, i.e., further 
away from the optical axis by an angle a by the electrostatic deflection 
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of the electrodes 1106, and deflects the primary electron beams 1102 
to the left, i.e., closer to the optical axis X by an angle 2a by 
the electromagnetic deflection of the magnet 1107. As a result, the 
primary electron beams 1102, which have impinged on the Wien filter 
1105, are deflected to the left by an angle a as a whole. In this 
event, it is possible to neglect the influence of an energy width 
possessed by the primary electron beams 1102. Specifically, the 
chromatism caused by an extended energy width of the primary electron 
beams 1102 is eliminated. 

Explaining in a mathematical point of view, assuming that 
the beam energy of the secondary electron beams incident on the Wien 
filter 1105 is Vo, a primary electron beam having energy smaller than 
Vo by AV is deflected by the electrodes 1106 by an angle: 

a/ (1-AV/Vo) = S 

Since this value is larger than a, the primary electronbeam is deflected 
additionally to the right, i.e., further away from the optical axis 
X. Simultaneously, the primary electron beam having energy smaller 
than Vo by AV is deflected by the magnet 1107 by an angle: 

2a{l- (AV/Vo) }- 1/2 = e 
Since this value is larger than 2a, the primary electron beams are 
deflected additionally to the left, i.e., closer to the optical axis 
X . Thus , the difference between these angles is calculated as follows : 

9 - 5 = 2a{l- (AV/Vo) }" 1/2 - a (1- AV/Vo) - 1 

Since AV is extremely smaller than Vo: 

(1-AV/Vo)" 1/2 « (1+AV/2VO) 
is established as a primary approximation, so that eventually, 

9 - 8 ~ 2a(l-AV/2Vo) - a (1-AV/Vo) = a 
is established. In this way, when the primary electron beams 1102 
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are deflected by the Wien filter 1105 by an angle a closer to 
the optical axis X, the energy width possessed by the primary electron 
beams can be neglected, thereby making it possible to eliminate the 
chromatism caused by the Wien filter 1105. 

When a plurality of beams constituting the primary electron 
beams 1102 are arranged on a single column and are deflected by the 
Wien filter 1105 in a direction perpendicular to a direction in which 
these beams are arranged, the chromatism generated in the secondary 
optical system appears in the direction perpendicular to the beam 
arranged direction, so that crosstalk between the plurality of beams 
will not be increased by the chromatism. 

The electron beam apparatus described with reference to 
Figs. 22 and 23 can be applied to a variety of apparatuses such as 
a defect detecting apparatus, an alignment precision measuring 
apparatus, a line width measuring apparatus, a high time resolution 
potential contrast measuring apparatus, a defect review apparatus, 
and strobe SEM apparatus. Also, the electron beam apparatus of the 
fifth embodiment can be used in the testing process (G) in the device 
manufacturing method described in Figs. 3 and 4(a), 4(b) in order 
to evaluate a wafer in the middle of a process. In this regard, the 
description related to Figs. 3 and Figs. 4(a), 4(b) is incorporated 
herewith by reference and is omitted herein. 

While the fifth embodiment of the present invention has 
been described, the present invention is not limited to such an 
embodiment. For example, a plurality of electron beam 
irradiation/detection systems, each comprised of an electron beam 
source, a primary optical system, a secondary optical system and a 
detector may be provided inorder to simultaneously irradiate different 
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locations on the sample 1108, wherein the sample is irradiated with 
a plurality of primary electron beams emitted from the plurality of 
electron beam sources, and a plurality of secondary electron beams 
emitted from the sample are received by a plurality of detectors. 
This can largely reduce a time required f or the testing and measurements . 
Embodiment Relating to Driving of Objective Lens (Sixth Embodiment) 

A sixth embodiment of the present invention relates to an 
electron beam apparatus which is capable of performing a variety of 
evaluations for testing for defects on patterns having line widths 
of 0 . 1 micron or less , CD measurements , alignment precision measurement , 
potential measurement at a high time resolution, and so on at a high 
throughput, high accuracy and high reliability, and a device 
manufacturing method using this apparatus. 

When patterns formed on the surface of a sample such as 
a semiconductor wafer is evaluated at a high accuracy using the result 
of scanning by an electron beam, it is necessary to take into 
consideration variations in the height of the sample . This is because 
the varying height of the sample results in a change in the distance 
between patterns on the surface of the sample and an objective lens 
for converging the electron beam on the patterns to cause a lower 
resolution due to dissatisfaction of a focusing condition, thereby 
failing to provide correct evaluation. 

To eliminate this problem, a known electron beam apparatus 
directs light obliquely into the surface of a sample, measures the 
height of the sample by use of the reflected light, feeds back the 
result of measurement to an electro-optical system for converging 
an electron beam to the sample to control currents and voltages supplied 
to components of the electro-optical system, and thereby focuses the 
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electro- optical system. 

.However, a system which directs light obliquely into a sample 
requires optics mainly made of an insulating material which should 
be placed in a space between the surface of the sample and the lower 
surface of the electro-optical system for reflecting incident light. 
For this purpose, the spacing between the surface of the sample and 
the lower surface of the electro-optical system must be ensured more 
than necessity, which however makes the problems such as the aberration 
of the electro-optical system unneglectable . Presently, however, 
there is no means which simultaneously focuses the electro-optical 
system and eliminates the problems such as the aberration of the 
electro -optical system. 

The focusing of the electro-optical system must be performed 
in consideration of not only the distance between the surface of the 
sample and the lower surface of the electro-optical system but also 
a charging state on the surface of the sample, and space charge effect 
of electron beams , so that errors might occur unless parameters related 
to the focusing of the electro-optical system are electro-opt ically 
measured. 

Further, when the electro-optical system is focused by 
adjusting an excitation current for a magnetic lens included in the 
electro-optical system, it is necessary to take a long time period 
from setting of the excitation current to a predetermined value to 
stable establishment of the focal length of the electro-optical system, 
i.e., a long settling time, thereby presenting a problem that it is 
difficult to perform the focusing at a high speed. Otherwise, when 
the electro-optical system is f ocusedby changing an excitation voltage 
for an electrostatic lens, a high voltage applied to the electrostatic 
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lens must be changed, thereby similarly presenting a problem that 
a long settling time is required. 

The sixth embodiment of the present invention provides an 
electron beam apparatus which is capable of focusing the 
electro-optical system in a short time, and a device manufacturing 
method using this apparatus for solving the foregoing problems. 

Fig. 24 generally illustrates the configuration of the sixth 
embodiment of the present invention. In Fig. 24, an electron beam 
source 1201 comprises an anode 1202 . An emitted primary electron beam 
is accelerated by the anode 1202 and passes through a small hole 1207 
of an opening plate 1206 by way of deflectors 1203 , 1204 for alignment, 
and astigmatism correcting lens 1205. The primary electron beam 
passing through the opening plate 12 06 is converged by a condenser 
lens 1208, passes through a Wien filter 1211 by way of deflectors 
1209, 1210, is reduced by an objective lens 1212 , passes through axially 
symmetric electrodes 1213, and is focused on one of a plurality of 
rectangular circuit patterns, for example, formed on the surface of 
a sample 1214 carried on a stage S. The axially symmetric electrodes 

1213 are placed with substantially no space between itself and the 
sample 1214 . The stage S ismovable ina second direction perpendicular 
to a first direction in which the primary electron beam is deflected, 
so that the circuit patterns are scanned by the deflection of the 
primary electron beam and movements of the stage S. 

As a result of the scanning using the primary electron beam, 
a secondary electron beam emitted from a circuit pattern on the sample 

1214 is accelerated by an electric field of the objective lens 1212, 
and deflected by the Wien filter 1211 such that it deviates from an 
optical axis L, so that the secondary electron beam is separated from 



-110- 



the primary electron beam. Eventually, the secondary electron beam 
is detected by a secondary electron beam detector 1085 . The secondary 
electron beam detector 1215 outputs an electric signal indicative 
of the intensity of the incident secondary electron beam. This 
electric signal is amplified by a corresponding amplifier (not shown) , 
and processed for generating an image. 

For the condenser lens 1208 to reduce the primary electron 
beam, respective electrodes forming part of the condenser lens 1208 
are applied with required voltages from a first power supply 1217. 
The objective lens 1212 in turn is auni-potential lens . For converging 
the primary electron beam on the surface of the sample 1214, a central 
electrode of the objective lens 1212 is applied with a positive high 
voltage Vo (volts) from a second power supply 1218, while an upper 
electrode and a lower electrode of the objective lens 1212 are applied 
with small voltages +AVo from a third power supply 1219. 

The electron beam source 1201, anode 1202, deflectors 1203, 
1204 for alignment, astigmatism correcting lens 1205, opening plate 
1206, condenser lens 1208, deflectors 1209, 1210, Wien filter 1211, 
objective lens 1212, axially symmetric electrode 1213, and secondary 
electron beam detector 1215 are housed in a column 1216 of a suitable 
size to constitute a single electron beam scanning/detection system 
1220 . Initial focusing of the electronbeam scanning/detection system 
1220 can be performed by changing the positive voltage Vo while fixing 
the voltages ±AVo, for example, at -10 volts. 

As described above, the electron beam scanning/detection 
system 1220 scans one of chip patterns on the sample 1214, detects 
a secondary electron beam emitted from the sample 1214 as the result 
of the scanning, and outputs an electric signal indicative of its 
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intensity. Actually, since the sample 1214 is formed with a plurality 
of chip patterns on its surface, electron beam scanning/detection 
systems (not shown) similar in configuration to the electron beam 
scanning/detection system 1220 are arranged in parallel with the 
electron beam scanning/detection system 1220 such that the mutual 
distance is equal to an integer multiple of the dimension of one chip 
on the sample 1214. 

Describing further on the electron beam scanning/detection 
system 1220, the electric signal output from the secondary electron 
beam detector 1215 is converted into binary information, and this 
binary information is converted to image data. As a result, image 
data representative of the circuit pattern formed on the surface of 
the sample 1214 can be acquired. The acquired image data is stored 
in a suitable storage means and is compared with a reference pattern. 
In this way, defects on the circuit pattern formed on the sample 1214 
can be detected. 

A variety of reference circuit patterns may be used for 
comparison with the image data representative of a certain circuit 
pattern on the sample 1214. For example, it is possible to use image 
data produced from CAD data for fabricating the circuit patterns which 
have been scanned to generate the image data. 

In the electron beam apparatus illustrated in Fig. 24, the 
values of voltages ±Vo applied to the upper electrode and lower electrode 
of the objective lens 1212 are determined under control of a controller 
(not shown) such as a CPU in the following manner. First, a location 
at which a pattern edge parallel to a first direction in which the 
primary electron beam is deflected and a pattern edge parallel to 
a second direction perpendicular to the first direction exist on an 
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arbitrary circuit pattern formed on the surface of the sample 1214 
is read, for example, from pattern data. 

Next, using the deflectors 1209, 1210 and the Wien filter 
1211, the pattern edge parallel to the first direction is scanned 
by the primary electron beam in the second direction, and an electric 
signal indicative of the intensity of a secondary electron beam emitted 
as the result is fetched from the secondary electron beam detector 
1215 to measure a rising width (unit : microns) of the electric signal . 
Similarly, the pattern edge parallel to the second direction is also 
scanned in the first direction by the primary electron beam using 
the deflectors 1209, 1210 and the Wien filter 1211, and an electric 
signal indicative of the intensity of a secondary electron beam emitted 
as the result is fetched from the secondary electron beam detector 
1215 to measure a rising width of the secondary electron beam. This 
operation is performed each time the values of the voltages ±AVo are 
changed. In this way, graphs A and B shown in Fig. 25 (a) are derived. 

The aforementioned "rising width of the electric signal" 
refers to a scanning distance (in units of microns) in the second 
direction required for the electric signal measured when the pattern 
edge parallel to the first direction is scanned in the second direction 
to change from 12 % to 88 % of its maximum value, with the voltage 
±AVo fixed at a certain value, as shown in Fig. 25(b) . 

In Fig. 25(a) , the graph A shows that the voltage AVo is 
minimum at -AVo (x) , i.e. , the rising is the sharpest. Similarly, the 
graph B shows that the voltage AVo is minimum at +AVo(x) , i.e., the 
rising is the sharpest. Therefore, the focusing condition for the 
objective lens 1212, i.e., the values of the voltages ±AVo applied 
to the upper electrode and lower electrode are preferably set to 
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{-AVo(x)+AVo(y) }/2. 

Actually, since the voltages ±AVo change only from 0 to 
±20 volts, the objective lens 1212 can be settled at a high speed, 
specifically, in 10 microseconds . As such, only 150 microseconds were 
required to acquire the graphs A and B in Fig. 25(a) . 

Alternatively, such a large number of measurements need 
not be performed for measuring the curves A, B . As shown in Fig . 25(a), 
a rising width may be measured by setting -AV(1) , +AV(2) , +AV(3) as 
the values of ±AVo to derive the graphs A, B through hyperbolic 
approximation to find minimum values +AVo(y), -AVo(x) for the rising . 
In this case, the measurement can be made on the order of 45 microseconds . 

A, B in Fig. 25(a) have the shape of hyperbola. Assuming 
that the rising width is p (mm) , and objective lens voltages ±AVo 
are q (volts) , the curves A, B can be expressed by: 

( p 2/ a 2) - (q-c)2/b2 = 1 
where a, b and c are constants. Therefore, substituting three values 
<31> 32/ <33 f° r <3 and values pi, P2 , P3 corresponding thereto into 

the above equation, the following three equations are derived: 
( P1 2/ a 2) - ( qi -c)2/b2 = l (1) 
(p 2 2/ a 2) - ( q2 -c)2/ b 2 = i (2) 
(p 3 2/a2) - (q 3 -c)2/b2 = 1 (3) 
The values of a, b, c are calculated from these equations 
(1) - (3) , where they have minimum values when q=c . In other words, 
the voltage -AVo(x) at the objective lens which results in a minimum 
rising width can be found from three lens conditions. Completely in 
a similar manner, +AVo(y) can be found. 

As in the graphs A, B in Fig. 25(a) , the rising width is 
generally different when a pattern edge is scanned in a first direction 
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and when it is scanned in a second direction. In such a case, for 
example, a voltage applied to the octpole astigmatism correcting lens 
1205 must be adjusted to correct the astigmatism so as to further 
reduce the rising of the electric signal from the secondary electron 
beam detector 1215 when the pattern edge is scanned in the first 
direction and in the second direction perpendicular thereto. 

As described above, electron beam scanning/detection 
systems (not shown) similar in configuration to the electron beam 
scanning/detection system 1220 are arranged in parallel with the 
electron beam scanning/detection system 1220 such that the mutual 
distance is equal to an integer multiple of the dimension of one chip 
on the sample 1214, and the focusing operation must be performed such 
that the primary electron beam is focused on the sample 1214 in each 
of the electron beam scanning/detection systems. However, such 
focusing can be substantially simultaneously performed, so that the 
throughput budget is merely a slight value. 

Since this method attempts to satisfy the focusing condition 
not with an optical Z sensor but with an electro-optical means, this 
method can advantageously satisfy the correct focusing condition even 
if a sample is charged. 

As described above, the focusing operation is performed 
in the electron beam scanning/detection system before a transition 
to a process for evaluating the sample 1214. 

When a defect testing apparatus using the sixth embodiment 
of the present invention is used in the testing process (G) in the 
device manufacturing method described with reference to Figs . 3 and 
4(a) , 4(b) , semiconductor devices even having fine patterns can be 
tested at a high throughput, so that a total inspection can also be 
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conducted, thereby making it possible to improve the yield rate of 
products and prevent defective products from being shipped. In this 
regard, the description related to Figs. 3 and Figs. 4(a), 4(b) is 
incorporated herewith by reference and is omitted herein. 
Embodiment Relating to Ant i- Vibration Apparatus (Seventh Embodiment ) 

A seventh embodiment of the present invention relates to 
an electronic beam apparatus which irradiates a target position on 
an object with an electronic beam to perform at least one of working, 
manufacturing, observation and testing for the object, and more 
particularly, to an electronic beam apparatus which reduces unwanted 
mechanical vibrations occurring in a mechanical construction for 
aligning an electron beam, a method of reducing vibrations, and a 
semiconductor manufacturing process which comprises a step of 
performing at least one of working, manufacturing, observation and 
testing for semiconductor devices using the apparatus. 

Generally, an electron beam-type approach for observing 
a micro-structure of an object employs a testing apparatus for testing 
for defects on patterns formed on a wafer or the like, a scanning 
electronic microscope (SEM) and so on. However, due to its observation 
resolution ranging from jim to several tens of nm, observation must 
be made after external vibrations are sufficiently removed. Also, 
in an apparatus which uses an electron beam for exposure, a vibration 
isolator should be used to sufficiently remove external vibrations, 
and the rigidity must be enhanced to minimize stagger due to mechanical 
resonance caused by the structure of a column section, in order to 
deflect an electron beam to precisely irradiate the beam to a target 
position. To enhance the rigidity of a construction, a reduction in 
size is not compatible with an enhanced rigidity due to physical 
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constraints on dimensions associated with the electro-optical system, 
so that the rigidity is often enhanced by increasing the thickness 
of the wall of the column portion, increasing the size of the same, 
and so on. However, the enhancement in rigidity by this method 
experiences quite a few disadvantages including an economical aspect, 
such as a limited freedom in the design including an increase in the 
weight of the apparatus, limitations on the shape, larger size of 
vibration isolation stand. 

In view of the foregoing fact, the seventh embodiment of 
the present invention provides an electron beam apparatus which can 
appropriately attenuate unwanted vibrations due to the resonance of 
a mechanical construction for aligning a beam so as to highly accurately 
maintain an aligned beam, without necessarily enhancing the rigidity 
of the mechanical construction, to realize mitigation of constraints 
in designing, reduction in size and weight of the apparatus , and improved 
economy, as well as a semiconductor manufacturing process which uses 
the apparatus in a semiconductor device manufacturing step to enable 
efficient manufacturing, testing, working, observation, and so on. 

Fig. 26 illustrates the configuration of the seventh 
embodiment of the present invention when it is applied to an electron 
beam testing apparatus for testing a semiconductor wafer for defects 
using electron beams. The electron beam testing apparatus 1301 
illustrated in Fig. 26 is of a so-called image projection type, and 
has a mechanical construction comprised of an A block and a B block 
projecting diagonally upward from the A block. A primary electron 
beam irradiating means is arranged in the B block for irradiating 
a primary electron beam, while a image projection optical system for 
imaging and projecting a secondary electron beam, and an imaging means 
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for detecting the intensity of the secondary electron beam are included 
in the A block. The A block is coupled to the lowermost fixing stand 
1330. 

The primary electron beam irradiating means arranged in 
the B block comprises an electron beam source 1301a including a cathode 
and an anode for emitting and accelerating a primary electron beam; 
a rectangular opening 13 02a for reshaping the primary electron beam 
into a rectangle; and a quadrupole lens 13 02b for reducing and focusing 
the primary electron beam. Disposed below the A block are an ExB 
deflector 1306 for deflecting the reduced primary electron beam such 
that it substantially perpendicularly impinges on a semiconductor 
wafer 1305 in a field in which an electric field E is orthogonal to 
a magnetic field B; a numerical aperture (NA) 1307; and an objective 
lens 1308 for focusing the primary electron beam passing through the 
numerical aperture on the wafer 1305. 

Here, the primary electron beam reduced by the quadrupole 
lens 1302b forms an image of 500 jam x 250 \im, for example, on a deflection 
main surface of the ExB deflector 13 06, and simultaneously forms a 
crossover image of the electron beam source 13 01a on the numerical 
aperture 13 07 such that the Koehler's illumination condition is 
satisfied. The objective lens 1308 causes an image of 100 jam x 50 
jam, for example, to be formed on the wafer 1305, and this region is 
illuminated. 

The wafer 1305 is placed within a sample chamber, not shown, 
which can be evacuated to vacuum, and carried on a stage 1304 which 
is movable in an X-Y horizontal plane . Here, the relationship between 
the A block and B block and an XYZ orthogonal coordinate system is 
shown in Fig. 27(a) . The surf ace of the wafer lies on an X-Y horizontal 
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plane, and the Z-axis is substantially parallel to the optical axis 
of the image projection optical system. As the stage 1304 having the 
wafer 1305 carried thereon is moved in the X-Y horizontal plane, a 
surface under testing of the wafer 1305 is sequentially scanned by 
the primary electron beam. The stage 1304 is carried on the fixing 
stand 1330. 

The image projection optical system disposed above the A 
block comprises an intermediate electrostatic lens 1309, a projection 
electrostatic lens 1311 , and a diaphragm 1310 positioned between these 
lenses. A secondary electron beam emitted from the wafer 1305 due 
to the irradiation with the primary electron beam, a reflected electron 
beam, and a scattered electron beam are enlarged and projected by 
this image projection optical system at a predetermined magnification 
(for example, 200 - 300 times) , and focused on a lower surface of 
a multi-channel plate 1321, later described. 

The imaging means placed at the top of the A block comprises 
the multi-channel plate 1321, a scintillator screen 1322, a relay 
lens 1323, and an imager unit 1324. The multi-channel plate 1321 
comprises a large number of channels in the plate for generating a 
larger number of electronbeams when the secondary electronbeam focused 
by the electrostatic lenses 1309 and 1311 passes through the channels . 
In other words, the secondary electron beam is amplified. The 
scintillator screen 1322 is illuminated by the amplified secondary 
electronbeam to generate fluorescent light of intensity corresponding 
to the intensity of the secondary electron beam. In other words, the 
intensity of the secondary electron beam is transduced into the 
intensity of light. The relay lens 1323 is positioned to introduce 
the fluorescent light to the imager unit 1324. The imager unit 1324 
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is comprised of a large number of CCD imager devices for transducing 
the light introduced by the relay lens 1323 into electric signals. 
A so-called TDI (Time Delay Integral) detector is preferably used 
in order to improve the S/N ratio of detected signals. While the 
irradiation with the primary electron beam causes the generation of 
scattered electron beam and reflected electron beam as well as the 
secondary electron beam, these electron beams are collectively called 
the "secondary electron beam" here. 

A column 1346 comprised of the mechanical construction of 
the A block and the B block coupled thereto, generally has one or 
more proper vibration modes. A resonant frequency and resonance 
direction in each proper vibration mode are determined by the shape, 
mass distribution, size, placement of machines inside the construction, 
and so on. For example, as illustrated in Fig. 27 (b) , the column 1346 
has at least mode 1 of proper vibration 1388. In this mode 1, the 
column 1346 vibrates at frequency of 150 Hz, for example, substantially 
along the Y-direction. An example of transfer function for the column 
in this event is shown in Fig. 29. In Fig. 29, the horizontal axis 
represents the frequency, and the vertical axis represents a 
logarithmic vibration amplitude A. With this transfer function, the 
column has a gain of resonance magnification 30 dB (approximately 
30 times) at resonant frequency of 150 Hz. Therefore, even with small 
vibrations applied from the outside, if the vibrations include a 
frequency component near 150 Hz, this frequency component is amplified 
approximately by a factor of 3 0 in this example to vibrate the column. 
This results in harmful events such as a blurred image. 

In the prior art, for preventing this, large scaled 
countermeasures have been taken, such as the entire column carried 
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on an vibration isolation stand to prevent vibrations from the outside, 
and/or reviewing the thickness and structure of the column to reduce 
a resonance magnification. 

In the seventh embodiment of the present invention, to avoid 
this, an actuator 1325 is installed on the base of the A block for 
applying pressure vibrations 13 90 to the column to cancel vibrations 
1388, as illustrated in Fig. 27 (c) . This actuator 1325 is electrically 
connected to a vibration attenuating circuit 1327, as illustrated 
in Fig. 28. 

Fig. 28 illustrates the general configuration of the 
actuator 1325 and the vibration attenuating circuit 1327. As 
illustrated in Fig. 28, the actuator 1325 has a piezoelectric element 
1350 comprised of a dielectric material 1351 having a piezoelectric 
effect sandwiched by electrodes 1352a and 1352b; and a supporting 
stand 1354 fixed on the fixing stand 1330 for supporting the 
piezoelectric element 1350 from the electrode 1352b side. The 
piezoelectric element 1350 is sandwiched between the A block of the 
column 1346 and the supporting stand 1354, and the electrode 1352a 
is bonded to the outer wall of the A block, while the electrode 1352b 
to the supporting stand 1354. In this way, the piezoelectric element 
1350 receives a positive pressure when the column 1346 comes closer 
by reciprocal vibrations 1388, and a negative pressure when the column 
1346 goes away. The piezoelectric element 1350 is installed at a 
position which is effective in suppressing the vibrations 1388 of 
the column 1346. For example, it is preferably installed such that 
the directions of the vibration 1388 are orthogonal to the electrodes 
1352a and 1352b. 

The vibration attenuating circuit 1327 comprises a variable 
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inductance 1358 and a resistor 1356 connected in series between both 
electrodes 1352a, 1352b of the piezoelectric element 1350 . Since the 
variable inductance 1358 has an inductance L, the resistor 1356 has 
a resistance value Rq, and the piezoelectric element 1350 has an electric 

capacitance C, the serially connected piezoelectric element 1350 and 
vibration attenuating circuit 1327 are equivalent to a series resonant 
circuit designated by reference numeral 1360 . The resonant frequency 
fo' of this series resonant circuit is expressed by: 

fo' = 1/{2ti(LC) 1/2} 
In the present invention, respective parameters are set such that 
the resonant frequency fo' of the resonant circuit is substantially 
equal to the resonant frequency fo of the column 1346. Specifically, 
the inductance L of the variable inductance 1358 is tuned to establish: 

fo = 1/{2ti(LC) 1/2} 
for the electric capacitance C of the given piezoelectric element 
1350. Actually, the capacitance C of the piezoelectric element 1350 
is small for forming a resonant circuit to have the same mechanical 
resonant frequency, so that a very large inductance L is often required, 
in which case, however, a resonant circuit can be realized by using 
an operational amplifier or the like to form an equivalently large 
inductance . 

Also, the value R D of the resistor 1356 is selected such 
that the Q value of a resonant frequency component of the series resonant 
circuit substantially matches the Q value of a resonant component 
having a peak in the transfer function shown in Fig. 29. The series 
resonant circuit 1360 thus created has electric frequency 
characteristics designated by reference numeral 1384 in Fig. 29. 

The electron beam testing apparatus 1301 illustrated in 
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Fig. 26 is controlled and managed by a controller 1316 . As illustrated 
in Fig. 26, the controller 1316 may comprise a general -purpose personal 
computer or the like. This computer comprises a controller body 1314 
for executing a variety of control and operational processing in 
accordance with predetermined programs; a CRT 1315 for displaying 
results of processing by the body 1314; and an input device 1318 such 
as a keyboard and a mouse for the operator to enter instructions. 
Of course, the controller 1316 may be built by hardware dedicated 
to the electron beam testing apparatus, a workstation, or the like. 

The controller body 1314 comprises a CPU, RAM, ROM, a hard 
disk, all not shown, a variety of control boards such as a video board, 
and so on. On a memory such as RAM and hard disk, a secondary electron 
beam image storage region 1320 is allocated for storing an electric 
signal received from the imager unit 1324, i.e., digital image data 
representing a secondary electron beam image of the wafer 13 05 . Also, 
on the hard disk, a reference image storage 1313 exists for previously 
storing reference image data of the wafer which is free from defects. 
Further, the hard disk stores a defect detectingprograml319 in addition 
to a control program for controlling the overall electron beam testing 
apparatus. This defect detecting program 1319 has functions of 
controlling movements of the stage 13 04 in the XY plane, performing 
a variety of operational processing such as addition for digital image 
data received from the imager unit 1324 in the meantime, and reproducing 
a secondary electron beam image on the storage region 1320 from the 
resulting data. Further, this defect detecting program 1319 reads 
secondary electron beam image data created on the storage region 1320, 
and automatically detects defects on the wafer 1305 in accordance 
with a predetermined algorithm based on the image data. 
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Next, the action of this embodiment will be described. A 
primary electron beam is emitted from the electron beam source 1301a, 
and is irradiated to the surface of the set wafer 13 05 through the 
rectangular opening 1302a, quadrupole lens 1302b, ExB deflector 1306 
and objective lens 1308. As described above, a region under testing 
over 100 |im x 50 |um is illuminated on the wafer 1305 from which a 
secondary electron beam is emitted. This secondary electron beam is 
enlarged by the intermediate electrostatic lens 1309, the projection 
electrostatic lens 1311 and projected onto the lower surface of the 
mult i -channel plate 1321, and imaged by the imager unit 1324 to capture 
a secondary electron beam image of the projected region on the wafer 
1305. The stage 1304 is driven to sequentially move the wafer 1305 
every predetermined width in X-Y horizontal plane, and the foregoing 
procedure is executed to capture an image of the whole surface under 
testing . 

While the enlarged secondary electron beam image is being 
imaged, if the column 1346 is applied with an external force including 
a vibration component at the resonant frequency f o (150 Hz) , the column 

1346 amplifies this vibration component at a resonant magnification 
(30 dB) determined by its transfer function to produced proper 
vibrations . The vibrations 1388 apply the piezoelectric element 1350 
with positive and negative pressures . The piezoelectric element 1350 
once transduces vibration energy of the column 1346 into electric 
energy which is output. Since both electrodes 1352a, 1352b of the 
piezoelectric element 1350 are connected to the inductance 1358 (L) 
and the resistor 1356 (Rd) in series to form a resonant circuit, the 

capacitive impedance of the piezoelectric element 1350 and the 
inductive impedance L of the inductance 1358 cancel each other at 
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the resonant frequency f q , so that the impedance of the resonant circuit 
virtually has only the resistor 2056 (Rd) . Therefore, during resonance , 

the electric energy output from the piezoelectric element 1350 is 
substantially fully consumed by the resistor 1356 (Rd) . 

Consequently, the piezoelectric element 1350 generates a 
force to cancel an external force applied to the piezoelectric element 
1350 from the column 1346, thereby making it possible to cancel the 
vibrations 13 88 generated by mechanical resonance and reduce the 
resonant magnification . Since the secondary electron beam is enlarged 
and imaged, fluctuations in the image due to the vibration are further 
increased. However, this embodiment can obviate a blurred image caused 
by such fluctuations. 

As shown in Fig. 30, a resonant component in the transfer 
function 1382 of the column 1346 as a mechanical construction 
(corresponding to Fig. 29) is canceled by the resonant component of 
the series resonant circuit 1360 having the electric frequency 
characteristic 13 84, so that the column 1346 has an aggregate transfer 
function 1386 which is low in resonant magnification as a whole. 

As described above, as a satisfactory secondary electron 
beam image free from blurred image is provided, the electron beam 
testing apparatus 1301 of this embodiment performs processing for 
testing the wafer 1305 for defects from the image. As this defect 
testing processing, a so-called pattern matching method or the like 
may be used. This method matches a reference image read from the 
reference image storage 1313 with an actually detected secondary 
electron beam image to calculate a distance value indicative of the 
similarity of both. When this distance value is smaller than a 
predetermined threshold, the testing apparatus 1301 determines 
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"non-def ective" as the similarity is high. On the other hand, when 
the distance value is equal to or larger than the predetermined threshold 
value, the testing apparatus 1301 determines "defective" as the 
similarity is low. When determining "defective, " the testing 
apparatus 13 01 may display a warning to the operator. In this event, 
the CRT 1315 may display the secondary electron beam image 1317 on 
its display screen. In addition, the pattern matching method may be 
used for each fractional region of the secondary electron beam image. 

Other than the pattern matching method, there are defect 
testing methods, for example, as illustrated in Figs. 31(a) - 31(c) . 
Fig. 31(a) illustrates an image 1331 of the first detected die, and 
an image of 1332 of another die which is detected second time. If 
an image of another die, detected third time, is determined to be 
identical or similar to the first image 1331, a portion 1333 in the 
second die image 1332 is determined to have a defect, so that the 
defective portion can be detected. 

Fig. 31 (b) illustrates an example of measuring a line width 
of a pattern formed on a wafer. 1336 designates a signal indicative 
of the intensity of an actual secondary electron beam when an actual 
pattern 1334 on a wafer is scanned in a direction 1335. The width 
1338 of a portion of this signal which continuously exceeds a previously 
calibrated and determined threshold level 1337 can be measured as 
a line width of the pattern 1334. If the thus measured line width 
is not within a predetermined range, this pattern can be determined 
to have a defect. 

Fig. 31 (c) illustrates an example of measuring a potential 
contrast for a pattern formed on a wafer. In the configuration 
illustrated in Fig . 26, axially symmetric electrodes 133 9 are disposed 
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above the wafer 1305, and are applied, for example, with a potential 
of -10 V with respect to the potential on the wafer at 0 V. An 
equi-potential plane at -2 V in this event is shaped as indicated 
by 1340 . Assume herein that patterns 1341 and 1342 formed on the wafer 
are at potentials of -4 V and 0 V, respectively. In this event, since 
a secondary electron beam emitted from the pattern 1341 has an upward 
speed corresponding to motion energy of 2 eV on the -2 equi-potential 
plane 1340, so that the secondary electron beam jumps over a potential 
barrier 1340, escapes from the electrode 1339 as indicated by a 
trajectory 1343, and detected by the detector. On the other hand, 
a secondary electron beam emitted from the pattern 1342 cannot jump 
over the potential barrier of -2 V, and is driven back to the surface 
of the wafer, as indicated by a trajectory 1344, so that it is not 
detected. Therefore, an image of the detected pattern 1341 is bright, 
while an image of the detected pattern 1342 is dark. Consequently, 
the potential contrast is can be ontained. If the brightness of a 
detected image and potential are previously calibrated, the potential 
of a pattern can be measured from a detected image. Then, a defected 
portion on a pattern can be evaluated from this potential distribution. 

As described above, the testing for defects can be realized 
at a higher accuracy by making respective measurements as described 
above for a satisfactory secondary electron beam image free from blurred 
image, captured by the seventh embodiment of the present invention. 

When the electron beam testing apparatus so far described 
as the seventh embodiment of the present invention is used in the 
wafer testing process (G) in the device manufacturing method described 
with reference to Figs. 3 and 4(a), 4(b), highly accurate testing 
can be efficiently made since detected images can be obviated from 
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deterioration due to vibrations of the mechanical construction, making 
it possible to prevent defective products from being shipped. In this 
regard, the description related to Figs. 3 and Figs. 4(a), 4(b) is 
incorporated herewith by reference and is omitted herein. 

The seventh embodiment of the present invention is not 
limited to the foregoing, but maybe arbitrarily modified in a preferred 
manner within the gist of the present invention. For example, the 
mechanical resonant frequency and mode are not necessarily single, 
but generally, a plurality of resonant frequencies and modes occur, 
in which case a required number of actuators 1325 may be installed 
at required locations of the column to support them. For example, 
when the mechanical construction block A illustrated in Fig. 27(b) 
has vibrations in the X-direction as well as the vibrations 1388 in 
the Y-direction, another actuator may be installed to cancel the 
vibrations in the X-direction. Further, when the B block and D block 
also have independent proper vibrations, actuators may be installed 
for these blocks as well. 

The vibration attenuating circuit 1327 need not be 
equivalent to the series resonant circuit 1360, but maybe implemented 
by a circuit, the electric frequency characteristics of which have 
a plurality of resonant frequencies when the mechanical proper 
vibrations have a plurality of resonant frequencies in the same 
vibration direction. 

The actuator may be installed not only in the column, but 
also in a part required to precisely align the beam position, for 
example, the X-Y stage 1304, or in optics of a variety of optical 
devices . 

While the semiconductor wafer 13 05 has been taken as an 
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example of a sample under test ing for the electron beam testing apparatus 
of the seventh embodiment, the sample under testing is not limited 
to this, but arbitrary one may be selected as long as defects thereon 
can be detected by electron beams. For example, a mask formed with 
an exposure pattern for a wafer maybe chosen as an obj ect under testing . 

Further, the seventh embodiment can be applied to the 
entirety of apparatuses which apply electron beams for irradiate a 
beam to a target position on an object. In this event, the seventh 
embodiment can be extended not only to the testing of the object but 
also to an apparatus which performs at least some of working, 
manufacturing and observation thereof. Of course, the concept of the 
object herein referred to encompasses not only the wafer and mask 
as mentioned, but also an arbitrary object for which at least some 
of testing, working, manufacturing and observation thereof can be 
conducted with the beam. The device manufacturing method may also 
be applied not only to the testing during a semiconductor device 
manufacturing step but also to a process itself for manufacturing 
semiconductor devices with beams . 

While the configuration illustrated in Fig. 26 has been 
shown as an electron beam testing apparatus of the seventh embodiment, 
the electro-optical system and so on can be arbitrarily modified as 
required. For example, while the electron beam irradiating means of 
the electron beam testing apparatus 1301 is the type that directs 
the primary electron beam vertically to the surface of the wafer 1305 
from above, the ExB deflector 13 06 may be omitted such that the primary 
electron beam is directed diagonally into the surface of the wafer 
1305. 

Embodiment Relating to Holding of Wafer (Eighth Embodiment) 
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An eighth embodiment of the present invention relates to 
an electrostatic chuck for electrostatically chucking and holding 
a wafer in an electron beam apparatus, a combination of the wafer 
and the electrostatic chuck, particularly, a combination of an 
electrostatic chuck usable in an electron beam apparatus using 
decelerating electric field objective lenses, andawafer, andadevice 
manufacturing method which uses an electron beam apparatus that 
comprises a combination of an electrostatic chuck and a wafer. 

A known electrostatic chuck for electrostatically chucking 
and fixing a wafer comprises electrode layers disposed on a substrate, 
formed of a plurality of electrodes insulated from each other, and 
a power supply for sequentially applying a voltage from one electrode 
to another. Also, an electron beam apparatus using decelerating 
electric field objective lens is known. 

For evaluating a wafer in the middle of a process with an 
electron beam apparatus using decelerating electric field objective 
lens, it is necessary to apply a negative high voltage to the wafer. 
In this event, sudden application of a high negative voltage would 
break devices in the middle of the process, so that the voltage must 
be gradually applied. 

On the other hand, a majority of wafers are coated with 
an insulating film such as SiC>2, a nitride film or the like on side 

surfaces and back surfaces, so that when a zero potential or a low 
potential is to be applied to the wafer, no voltage is applied to 
the wafer. Further, although a wafer centrally bowed in convex toward 
the electrostatic chuck can be relatively easily chucked and fixed, 
a wafer centrally bowed in concave toward the chuck presents a problem 
that , with a single -pole electrostatic chuck, only a peripheral portion 
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is chucked but a central portion is held unchucked. 

The eighth embodiment of the present invention, for solving 
the above problems, provides an electrostatic chuck for use with 
decelerating electric field objective lens, which is capable of 
chucking a wafer coated with an insulating film on its side surface 
and back surface and centrally bowed in concave toward the chuck, 
a combination of a wafer and an electrostatic chuck, and a device 
manufacturing method for evaluating a wafer in the middle of a process 
using such a combination of an electrostatic chuck and a wafer. 

Fig. 32 is a plan view of an electrostatic chuck 1410 in 
the eighth embodiment of the present invention, removing a wafer to 
show an electrode plate 1412 . Fig. 33 is a schematic cross-sectional 
view in the vertical direction along a line M-M of the electrostatic 
chuck of Fig. 32, showing that a wafer is carried but not applied 
with a voltage . The electrostatic chuck 1410 has a laminate structure 
comprised of a substrate 1405, an electrode plate 1412 and an insulating 
layer 1404, as illustrated in Fig. 33. The electrode plate 1412 
includes a first electrode 1401 and a second electrode 1402 . The first 
electrode 1401 and second electrode 1402 are separated such that they 
can be separately applied with voltages, and are formed of thin films 
such that they can be moved at a high speed without generating eddy 
currents in a magnetic field. 

The first electrode 1401 is comprised of a central portion 
and some of a peripheral portion of the circular electrode plate 1412 
on the plan view, while the second electrode 1402 is comprised of 
the remaining horseshoe- shaped peripheral portion. The insulating 
layer 1404 is disposed on the electrode plate 1412. The insulating 
layer 1404 is formed of a sapphire substrate of 1 mm in thickness. 
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Sapphire is single crystal of alumina and has a high breakdown voltage 
since it is completely free of small holes as in alumina ceramics. 
For example, a sapphire substrate of 1 mm in thickness can sufficiently 
withstand a potential difference of 10 4 V or higher. 

The wafer 1403 is applied with a voltage through contacts 
1406 having a knife-edge shaped metal portion. As illustrated in Fig. 
33, two contacts 1406 are brought into contact with the side surface 
of the wafer 1403. The two contacts 1406 are used in order to avoid 
a possible failure of conduction and a force generated to urge the 
wafer 1403 to one side, as could be otherwise experienced if only 
one contact was used. The insulating layer 14 04 is broken for making 
the conduction. However, since particles could be scattered upon 
discharging, the contacts 1406 are connected to a power supply 1416 
through a resistor 1414 to prevent a large discharge from occurring. 
Since this resistor 1414 prevents the formation of a conduction hole 
if it is too large, and causes a large discharge to scatter particles 
if it is too small, an allowable value for the resistor is determined 
for each insulating layer 1404. 

Fig. 34(a) shows a time chart of applied voltages . The first 
electrode is applied with 4 kV at time t = 0, as indicated by a line 
A. At time t = to, at which the wafer is chucked both in the central 

portion and in the peripheral portion, the second electrode is applied 
with 4 kV, as indicated by a line B. At time t=t]_, a voltage C across 

the wafer is controlled to be gradually deepened (lowered) to reach 
-4 kV at time t=t2- The first electrode and the second electrode are 
applied with gradually reduced voltages from time t=ti to time t = t2, 
and with 0 V at t=t2 . 

At time t = t3 at which evaluation has been made for the wafer 
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chucked and held by the chuck, the voltage C across the wafer is reduced 
to 0 V, and the wafer is removed to the outside. 

When the electrostatic chuck holds a wafer with a potential 
difference of 2 kV, rather than a potential difference of 4 kV, the 
first electrode and the second electrode are applied with voltages 
A' , B' at 2 kV, respectively, as indicated by one-dot chain lines 
in Fig. 34. When the wafer is applied with -4 kV, the first electrode 
and the second electrode are applied with -2 kV, respectively. In 
this way, the insulating layer 2104 is prevented from being applied 
with a voltage more than necessity, by the application of voltages, 
so that the insulating layer can be prevented from breakdown. 

Fig. 35 is a block diagram illustrating an electron beam 
apparatus which comprises the electrostatic chuck described above. 
Unnecessary beams are removed from electron beams emitted from an 
electron beam source 1431 by an opening of an anode 1432 which determine 
the numerical aperture (NA) . The electron beam is reduced by a 
condenser lens 143 7 and an objective lens 1443, and focused on a wafer 
1403 applied with -4 kV, and scans on the wafer 1403 with deflectors 
1438 and 1442. A secondary electron beam emitted from the wafer 1403 
is collected by the objective lens 1443, deflected to the right by 
approximately 35° by an ExB separator 1442 , and detected by a secondary 
electron beam detector 144 0 to capture an SEM image on the wafer. 
In the electron beam apparatus of Fig. 35, reference numerals 1433, 

1435 designate alignment tools; 1434 an astigmatism correcting tool; 

1436 an opening plate; 1441 a shield; and 1444 an electrode. The 
electrostatic chuck described in Figs. 33 and 34 is disposed below 
the wafer 1403 . 

When the eighth embodiment of the present invention is used 
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in the testing process (G) in the device manufacturing method described 
with reference to Figs. 3 and 4 (a) , 4 (b) , semiconductor devices even 
having fine patterns can be tested at a high throughput, so that a 
total inspection can also be conducted, thereby making it possible 
to improve the yield rate of products and prevent defective products 
from being shipped. In this regard, the description related to Figs. 
3 and Figs. 4(a) , 4(b) is incorporated herewith by reference and is 
omitted herein. 

The manner of increasing or decreasing the voltages applied 
to the electrostatic chuck is not limited to that shown in Fig. 34. 
For example, as shown in Fig. 34 (b) , an exponentially changing voltage 
may also be used. In essence, any voltage may be used as long as it 
reaches a predetermined voltage without delay. 

Embodiment Relating to Stage for Carrying Sample (Ninth Embodiment) 
A ninth embodiment of the present invention relates to an 
apparatus for irradiating an electron beam to a sample carried on 
an XY stage, a defect testing apparatus or an exposure apparatus 
utilizing the apparatus , and a device manufacturing method using these 
apparatuses . 

A stage for accurately positioning a sample in a vacuum 
is used in an apparatus which irradiates an electron beam to the surface 
of a sample such as a semiconductor wafer, or the like to expose the 
surface of the wafer with a pattern such as a semiconductor circuit 
or to test patterns formed on the surface of the sample, or in an 
apparatus which irradiates an electron beam toperf ormultra-precision 
working on the sample. 

Whenhighly accuratepositioning is required to sucha stage, 
a structure of supporting a stage with hydrostatic bearings in a 
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non-contact manner is employed. In this event, a degree of vacuum 
is maintained in a vacuum chamber by forming a differential pumping 
mechanism for exhausting a high pressure gas in a range of the 
hydrostatic bearing such that the high pressure gas supplied from 
the hydrostatic bearings will not be exhausted directly to the vacuum 
chamber . 

An example of such a stage according to the prior art is 
illustrated in Fig. 36. In the structure of Fig. 36, a leading end 
of a column 1501 of an electron beam apparatus for generating an electron 
beam for irradiating a sample, i.e., an electron beam irradiating 
tip 1502 is attached to a housing 1508 which constitutes a vacuum 
chamber C . The inside of the column is evacuated to vacuum by a vacuum 
pipe 1510, and the chamber C is evacuated to a vacuum by a vacuum 
pipe 1511. Then, electron beam is irradiated from the leading end 
1502 of the column 1501 to a sample S such as a wafer placed therebelow. 

The sample S is removably held on a sample base 1504 in 
a known method. The sample base 1504 is mounted on the top surface 
of a Y-direction movable section 1505 of an XY stage (hereinafter 
simply called the "stage") 1503. The Y-direction movable section 1505 
has a plurality of hydrostatic bearings 1509 attached on surfaces 
(both left and right side surfaces and a lower surface in Fig. 36 [A] ) 
opposite to a guide surface 1506a of an X-direction movable section 
1506 of the stage 1503. The Y-direction movable section is movable 
in the Y-direction (in the left-to-right direction in Fig. 36 [B] ) 
while maintaining a small gap between the guide surface and the opposite 
surfaces by the action of the hydrostatic bearings 1509. Further, 
around the hydrostatic bearings, a differential pumping mechanism 
is disposed to prevent a high pressure gas supplied to the hydrostatic 
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bearings from leaking into the inside of the vacuum chamber C. This 
situation is shown in Fig. 37 . Double grooves 1518 and 1517 are formed 
around the hydrostatic bearings 1509, and these grooves are evacuated 
to vacuum at all times by a vacuum pipe and a vacuum pump, not shown. 
With such a structure, the Y-direct ion movable section 1505 is supported 
in a non- contact state in vacuum so that it is freely movable in the 
Y-direction. These double grooves 1518 and 1517 are formed to surround 
the hydrostatic bearings 1509 of the movable section 1505 on the surface 
on which the hydrostatic bearings are disposed. Since the hydrostatic 
bearing may have a known structure, detailed description thereon is 
omitted. 

The X-section movable section 1506, which carries the 
Y-direction movable section 1505 has a concave shape open to above, 
as is apparent from Fig. 36. The X-direction movable section 1506 
is also provided with completely similar hydrostatic bearings and 
grooves, such that the X-direction movable section 1506 is supported 
to a stage stand 1507 in a non-contact manner, and is freely movable 
in the X-direction. 

By combining movements of these Y-direction movable section 
1505 and X-direction movable section 1506, it is possible to move 
the sample S to an arbitrary position in the horizontal direction 
with respect to the leading end of the column, i.e., the electron 
beam irradiating tip 1502 to irradiate electron beams to a desired 
position of the sample. 

In the stage having a combination of the hydrostatic bearings 
and the differential pumping mechanism, the guide surfaces 1506a and 
1507a opposing the hydrostatic bearings 1509 reciprocate between a 
high pressure gas atmosphere of the hydrostatic bearings and a vacuum 
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environment within the chamber as the stage is moved. In this event, 
whi le the guide surfaces are exposed to the highpressure gas atmosphere , 
the gas is adsorbed to the guide surfaces, and the adsorbed gas is 
released as the guide surfaces are exposed to the vacuum environment. 
Such states are repeated. Therefore, as the stage is moved, the degree 
of vacuum within the chamber C is degraded, giving rise to a problem 
that the aforementioned processing such as exposure, testing and 
working, by use of the electron beam cannot be stably performed and 
that the sample is contaminated. 

To solve such problem, the ninth embodiment of the present 
invention provides: 

an electron beam apparatus which prevents the degree of 
vacuum from degrading to permit stable processing such as testing 
and working by use of an electron beam; 

an electron beam apparatus which has a non- contact 
supporting mechanism by means of hydrostatic bearings and a vacuum 
sealing mechanism by means of differential pumping to generate a 
pressure difference between an electron beam irradiation region and 
a supporter of the hydrostatic bearings; 

an electron beam apparatus for reducing a gas released from 
the surface of parts facing the hydrostatic bearings; 

a defect testing apparatus using the electron beam apparatus 
to test the surface of a sample, or an exposure apparatus for drawing 
patterns on the surface of the sample; and 

a semiconductor manufacturing method for manufacturing 
semiconductor devices using the electron beam apparatus as described 
above . 

In the following, the ninth embodiment of the present 



-137- 



invention will be described with reference to the drawings. In Fig. 
38, a partition plate 1514 largely extending substantially 
horizontally in the +Y direction and in the -Y direction (in the left 
and right directions in Fig. 38 [B] ) is attached on the top surface 
of a Y-direction movable section 1505 of a stage 1503, such that a 
reducer 1550 having a small conductance is formed at all times between 
the top surf ace of the X- direct ion movable section 1506 and the part it ion 
plate 1514 . Also, on the top surface of an X-direction movable section 
6, a similar partition plate 1512 is placed to extend in the 
±X-directions (in the left and right directions in Fig. 38 [A] ) , such 
that a reducer 1551 is formed at all time between the top surface 
of a stage stand 1507 and the partition plate 1512. The stage stand 
1507 is fixed on a bottom wall in a housing 1508 in a known manner. 

Thus, the reducers 1550 and 1551 are formed at all times 
when the sample base 1504 is moved to whichever position, so that 
even if a gas is released from the guide surfaces 1506a and 1507a 
while the movable sections 1505 and 1506 are moved, the movement of 
the released gas is prevented by the reducers 1550 and 1551, thereby 
making it possible to significantly suppress an increase in pressure 
in a space 1524 near the sample irradiated with electron beams. 

The side surface and the lower surface of the movable section 
1505 and the lower surface of the movable section 1506 of the stage 
are formed with grooves around the hydrostatic bearings 1509 for 
differential pumping, as illustrated in Fig. 37. Since evacuation 
to vacuum is performed through these grooves, the released gas from 
the guide surfaces are mainly exhausted by these differential pumping 
unit when the reducers 1550, 1551 are formed. Therefore, the pressures 
in the spaces 1513 and 1515 within the stage are higher than the pressure 
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within the chamber C. Therefore, if locations which are evacuated 
to vacuum are separately provided, not only the spaces 1513 and 1515 
are evacuated through the differential pumping grooves 1517 and 1518, 
but also the pressures in the spaces 1513 and 1515 can be reduced 
to further suppress an increase in pressure near the sample 1524. 
Vacuum evacuation passages 1511-1 and 1511-2 are provided for this 
purpose . The evacuation passages extend through the stage stand 1507 
and the housing 1508 and communicate with the outside. Also, the 
evacuation passage 1511-2 is formed in the X-direction movable section 
1506, and is open to the lower surface of the X-direction movable 
section 1506. 

While the provision of the partition plates 1512 and 1514 
results in a requirement of increasing the size of the chamber C such 
that the chamber C does not interfere with the partition walls, this 
aspect can be improved by making the partition plates of a retractile 
material or in a telescopical structure. In this embodiment, the 
partition wall is made of rubber or in bellows form, and its end in 
the moving direction is fixed to the X-direction moving section 1506 
for the partition plate 1514, and to an inner wall of the housing 
1508 for the partition plate 1512, respectively. 

Fig. 39 illustrates a first exemplary modification in the 
ninth embodiment of the present invention. In this example, a 
cylindrical partition 1516 is formed around the leading end of the 
column, i.e., the electron beam irradiating tip 1502 to provide a 
reducer between the top surface of the sample S and the electron beam 
irradiating tip 1502 . In such a configuration, even if agas is released 
from the XY stage to cause an increased pressure within the chamber 
C, the inside 1524 of the partition is partitioned by the partition 
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1516 and the gas is exhausted through the vacuum pipe 1510, so that 
a pressure difference is produced between the inside of the chamber 
C and the inside 1524 of the partition to suppress an increased pressure 
within the space 1524 in the partition. While a gap between the 
partition 1516 and the surface of the sample varies depending on the 
pressure maintained within the chamber C and around the irradiating 
tip 1502, approximately several tens of jum to several mm are proper. 
The inside of the partition 1516 is communicated with the vacuum pipe 
by a known method. 

Also, some electron beam apparatus may apply a sample S 
with a high voltage of approximately several kV, so that a conductive 
material placed near the sample can give rise to a discharge. In this 
case, the partition 1516 may be made of an insulating material such 
as ceramics toprevent a discharge between the sample S and the partition 
1516. 

A ring member 1504-1 disposed around the sample S (wafer) 
is a plate-shaped adjusting part fixed to the sample base 1504, which 
is set at the same level as the wafer such chat a small gap 1525 is 
formed over the entire periphery of the leading end of the partition 
1516 even if an end portion of a sample such as a wafer is irradiated 
with an electron beam. In this way, even when an electron beam is 
irradiated to whichever position of the sample S, the constant small 
gap 1552 is formed at all times at the leading end of the partition 
1516, thereby making it possible to stably maintain the pressure in 
the space 1524 around the leading end of the column. 

Fig. 40 illustrates a second exemplary modification in the 
ninth embodiment of thepresent invention. Apartition 1519 containing 
a differential pumping structure is disposed around an electron beam 
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irradiating tip 2 of the column 1501. The partition 1519 has a 
cylindrical shape, and a circumferential groove 1520 is formed inside . 
An exhaust passage 1521 extends upward from the circumferential grove. 
The exhaust passage is connected to a vacuum pipe 1523 through an 
internal space 1522. There is a small gap ranging from several tens 
of (am to several mm between the lower end of the partition wall 1519 
and the upper surface of the sample S. 

In such a configuration, even if a gas is released from 
the stage in association with a movement of the stage to cause an 
increased pressure within the chamber C, and the gas is going to flow 
into the leading end, i.e., the electron beam irradiating tip 1502, 
the partition 1519 reduces the gap between the sample S and the leading 
end to make the conductance extremely small, so that the gas is impeded 
from flowing into the electron beam irradiating tip 1502 and the amount 
of flowing gas is reduced. Further, the introduced gas is exhausted 
from the circumferential groove 1520 to the vacuum pipe 1523, so that 
substantially no gas flows into the space 1524 around the electron 
beam irradiating tip 1502, thereby making it possible to maintain 
the pressure at the electron beam irradiating tip 1502 at a desired 
high vacuum. 

Fig. 41 illustrates a third exemplary modification in the 
ninth embodiment of the present invention. A partition 1526 is formed 
around the chamber C and the electron beam irradiating tip 1502 to 
separate the electron beam irradiating tip 1502 from the chamber C. 
This partition 1526 is coupled to a freezer 1530 through a supporting 
member 1529 made of a high thermally conductive material such as copper 
and aluminum, and is cooled at -100 °C to -200 °C. A member 1527 is 
provided for preventing thermal conduction between the cooled 
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partition 1526 and the column, and is made of a low thermally conductive 
material such as ceramics and resin material. Also, a member 1528, 
which is made of a non- insulating material such as ceramics, is formed 
at a lower end of the partition 1526 and is responsible for preventing 
the sample S and the partition 1526 from discharging. 

In such a configuration, gas molecules which are going to 
flow from the chamber C into the electron beam irradiating tip are 
impeded by the partition 1526 from flowing toward the electron beam 
irradiating tip, and even if the molecules flow, they are frozen and 
trapped on the surface of the partition 1526, thereby making it possible 
to maintain low the pressure in the space 1524 in which the electron 
beam irradiating tip 1502 is positioned. 

As the freezer, a variety of freezers can be used such as 
a liquid nitrogen based freezer, an He freezer, a pulse tube type 
freezer, and so on. 

Fig. 42 illustrates a fourth exemplary modification in the 
ninth embodiment of the present invention. Partition plates 1512, 
1514 similar to that illustrated in Fig . 38 are disposed on both movable 
sections of the stage 1503, so that even if the sample base 1504 is 
moved to an arbitrary position, the space 1513 within the stage and 
the inside of the chamber C are partitioned by these partitions through 
reducers 1550, 1551. Further, a partition 1516 similar to that 
illustrated in Fig. 39 is formed around the electron beam irradiating 
tip 1502 to partition the inside of the chamber C and the space 1524, 
in which the electron beam irradiating tip 1502 is positioned, through 
a reducer 1552. Therefore, even if a gas adsorbed on the stage is 
released into the space 1513 while the stage is moved to increase 
the pressure in this space, an increased pressure in the chamber C 
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is suppressed, and an increased pressure in the space 1524 is further 
suppressed. In this way, the pressure in the electron beam irradiation 
space 1524 can be maintained in a low state. In addition, the space 
1524 can be stably maintained at a yet lower pressure by providing 
the partition 1519 which contains a differential pumping mechanism 
as illustrated in the partition 1516, or the partition 1526 cooled 
by a freezer, as illustrated in Fig. 40. 

Fig. 43 schematically illustrates an optical system and 
a detection system of the electron beam apparatus according to the 
ninth embodiment. While the optical system is disposed within the 
column 1501, these optical system and detector are illustrative in 
all sense, and arbitrary optical system and detector may be used as 
required. An optical system 1560 of the electron beam apparatus 
comprises a primary optical system 1561 for irradiating an electron 
beam to a sample S carried on the stage 1503; and a secondary optical 
system 1571 into which a secondary electron beam emitted from the 
sample is introduced. The primary optical system 1561 comprises an 
electron beam source 1562 for emitting an electron beam; a lens system 
1563, 1564 comprised of two-stage electrostatic lenses for converging 
an electron beam emitted from the electron beam source 1562 ; a deflector 
1565; a Wien filter 1566 for deflecting an electron beam such that 
its optical axis is oriented perpendicular to the surface of an obj ect ; 
and a lens system 1567, 1568 comprised of two-stage electrostatic 
lenses. These components are positioned in order obliquely with 
respect to the optical axis of the electron beam vertical to the surface 
of the sample S (sample surface) with the electron beam source 1562 
placed at the top, as illustrated in Fig. 36. The Wien filter 1566 
comprises an electrode 1566-1 and a magnet 1566-2. 



-143- 



The secondary optical system 1571, which is an optical system 
into which a secondary electron beam emitted from the sample S is 
introduced, comprises a lens system 1572, 1573 comprised of two-stage 
electrostatic lenses disposed above the Wien filter 1566 in the primary 
optical system. A detector 1580 detects a secondary electron beam 
sent through the secondary optical system 1571. Since the structure 
and function of the respective components in the optical system 1560 
and the detector 1580 are identical to conventional ones, detailed 
description thereon is omitted. 

An electron beam emitted from the electron beam source 1562 
is shaped by a square opening of the electron beam source, reduced 
by the two-stage lens systems 1563 and 1564, has its optical axis 
adjusted by the deflector 1565, and focused on a deflection central 
surface of the Wien filter 1566 in a square having one side of 1.25 
mm. The Wien filter 1566 is arranged such that an electric field and 
a magnetic field are orthogonal to each other in a plane perpendicular 
to the normal of the sample, and allows an electron beam to go straight 
therethrough when the relationship among the electric field, magnetic 
field, and energy of the electron beam satisfies a predetermined 
condition, and otherwise deflects the electron beam in a predetermined 
direction depending on the mutual relationship among these electric 
field, magnetic field, and energy of the electric field. In Fig. 43, 
the Wien filter is set to allow an electron beam from the electron 
beam source to impinge perpendicularly to the sample S, and a secondary 
electron beam emitted from the sample to go straight therethrough 
in the direction of the detector 1580. The shaped beam deflected by 
the Wien filter 1566 is reduced by the lens systems 1567, 1568 by 
a factor of five, and projected onto the sample S . A secondary electron 
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beam having information on a pattern image emitted from the sample 
S is enlarged by lens systems 1567, 1568 and 1572, 1573 to form a 
secondary electron beam image on the detector 1580. The four-stage 
enlarging lenses constitute distortion-free lenses since the lens 
system 1567 and 1568 forms a symmetric doublet lens, and the lens 
system 1572 and 1573 also forms a symmetric doublet lens. 

When the ninth embodiment of the present invention is used 
in the testing process (G) or the exposure process (c) in the device 
manufacturing method described with reference to Figs. 3 and 4(a) , 
4 (b) , fine patterns can be stably tested or exposed at a high accuracy, 
thereby making it possible to improve the yield rate of products and 
prevent defective products from being shipped. In this regard, the 
description related to Figs. 3 and Figs. 4(a), 4(b) is incorporated 
herewith by reference and is omitted herewith. 

Embodiment Relating to Stage for Carrying Sample (Tenth Embodiment) 
A tenth embodiment of the present invention relates to an 
apparatus for irradiating an electron beam to a sample carried on 
an XY stage, and more particularly, to an electron beam apparatus 
which comprises a differential pumping mechanism around a column 
without containing the differential pumping mechanism in an XY stage, 
a defect testing apparatus or an exposure apparatus utilizing the 
apparatus , and a device manufacturing method using these apparatuses . 

As previously described with reference to Figs. 36 and 37, 
a conventional XY stage which has a combination of hydrostatic bearings 
and a differential pumping mechanism, because of the inclusion of 
the differential pumping mechanism, is complicated in structure and 
large as compared with a hydrostatic bearing type stage used in the 
atmosphere, and also has a problem in low reliability as a stage and 
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a high cost. In this embodiment, Figs. 36, 37, and the previous 
description thereon are incorporated herewith by reference as 
description of the prior art. 

The tenth embodiment of the present invention, to solve 
the above problem, provides: 

an electron beam apparatus which eliminates a differential 
exhaust mechanism from an XY stage to enable simplification of structure 
and reduction in size; 

an electron beam apparatus which comprises a differential 
pumping mechanism for evacuating a housing which contains the XY stage 
to vacuum and evacuating a region on the surface of a sample irradiated 
with an electron beam; 

a defect testing apparatus for testing the surface of the 
sample using the electron beam apparatus, or an exposure apparatus 
for drawing patterns on the surface of the sample; and 

a semiconductor manufacturing method for manufacturing 
semiconductor devices using the electron beam apparatus as mentioned 
above . 

In the tenth embodiment, a term "vacuum" is used in a normal 
meaning in the art . 

In the following, the tenth embodiment of the present 
invention will be described with reference to the drawings. In Fig. 
44, a leading end of a column 1601 , i.e., an electron beam irradiating 
tip 1602 for irradiating an electron beam to a sample is attached 
to a housing 1614 which defines a vacuum chamber C. A sample S carried 
on a movable table in the X-direction (in the left-to-right direction 
in Fig. 44) of an XY stage 1603 is positioned beneath the column 1601. 
The sample S can be precisely irradiated with an electron beam at 
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an arbitrary posit ion on the surface of the sample by the highly accurate 
XY stage 1603. 

A pedestal 1606 of the XY stage 1603 is fixed on a bottom 
wall of the housing 1614 , and a Y-table 1605 movable in the Y-direction 
(in the direction vertical to the sheet in Fig. 24) is carried on 
the pedestal 1606. On both sides of the Y-table 1605 (on left and 
right sides in Fig . 24) , protrusions are formed protruding into recessed 
grooves of a pair of Y-direction guides 1607a and 1607b carried on 
the pedestal 1606 formed in the sides facing the Y-table. The recessed 
grooves extend in the Y-direction substantially over the entire length 
of the Y-direction guides . Hydrostatic bearings 1611a, 1609a, 1611b, 
160 9b in a known structure are disposed on the top surface, bottom 
surface and side surfaces of the protrusions protruding into the 
recessed grooves, respectively. A high pressure gas is blown off 
through these hydrostatic bearings to support the Y-table 1605 with 
respect to the Y-direction guides 1607a, 1607b in a non-contact manner 
and to allow the same to smoothly reciprocate in the Y-direction. 
Also, a linear motor 1612 in a known structure is disposed between 
the pedestal 1606 and the Y-table 1605 to drive the Y-table 1605 in 
the Y-direction by means of the linear motor. The Y-table is supplied 
with a high pressure gas through a flexible pipe 1622 for high pressure 
gas supply, so that the high pressure gas is supplied to the hydrostatic 
bearings 1609a to 1611a and 1609b to 1611b through a gas passage (not 
shown) formed in the Y-table. The high pressure gas supplied to the 
hydrostatic bearings blows out into a gap of several microns to several 
tens of microns formed between opposing guiding surfaces of the 
Y-direction guide to serve to precisely position the Y-table with 
respect to the guide surfaces in theX-directionandZ-direction (upward 
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and downward directions in Fig. 44) . 

An X-table 1604 is carried on the Y-table for movement in 
the X-direction (in the left-to-right direction in Fig. 44) . On the 
Y-table 1605, a pair of X-direction guides 1608a, 1608b (only 1608a 
is shown) identical in structure to the Y -direction guides 1607a, 
1607b for the Y-table are disposed with the X-table 1604 interposed 
therebetween. A recessed groove is also formed in the side of the 
X-direction guide facing the X-table, and a protrusion is formed in 
a side portion of the X-table (a side portion facing the X-direction 
guide), protruding into the recessed groove. The recessed groove 
extends substantially over the entire length of the X-direction guide . 
Hydrostatic bearings (not shown) similar to the hydrostatic bearings 
1611a, 1609a, 1610a, 1611b, 1609b, 1610b are disposedon the top surf ace , 
bottom surface and side surfaces of the protrusion of the X-direction 
table 4 protruding into the recessed groove in similar positioning. 
Between the Y-table 1605 and the X-table 1604, a linear motor 1613 
in a known structure is disposed so that the X-table is driven in 
the X-direction by means of the linear motor. Then, the X-table 1604 
is supplied with a high pressure gas through a flexible pipe 1621 
to supply the high pressure gas to the hydrostatic bearings . The high 
pressure gas is blown out from the hydrostatic bearings to the guide 
surfaces of the X-direction guide to highly accurately support the 
X-table 1604 with respect to the Y-direction guide in a non-contact 
manner. The vacuum chamber C is evacuated by vacuum pipes 1619, 1620a, 
1620b connected to a vacuum pump or the like in a known structure. 
The inlet sides (within the vacuum chamber) of the pipes 1620a, 1620b 
extend through the pedestal 1606 and are open near a position at which 
the high pressure gas is exhausted from the XY stage 1603 on the top 
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surf ace of the pedestal 1606 , to maximally prevent the pressure within 
the vacuum chamber from rising due to the high pressure gas blown 
out from the hydrostatic bearings. 

A differential exhaust mechanism 1625 is disposed around 
the leading end of the column 1601 , i.e., the electron beam irradiating 
tip 1602, such that the pressure in the electron beam irradiation 
space 1630 is held sufficiently low even if the pressure in the vacuum 
chamber C is high. Specifically, an annular member 1626 of the 
differential exhaust mechanism 1625 attached around the electron beam 
irradiating tip 1602 is positioned with respect to the housing 1614 
such that a small gap (from several micron to several hundred microns) 
1640 is formed between the lower surface (the surface opposing the 
sample S) and the sample, and an annular groove 1627 is formed on 
the lower surface thereof. The annular groove 1627 is connected to 
a vacuum pump or the like, not shown, through an exhaust pipe 1628. 
Therefore, the small gap 1640 is evacuated through the annular groove 
1627 and an exhaust port 1628, so that even if gas molecules attempt 
to invade from the vacuum chamber C into the space 1630 surrounded 
by the annular member 162 6, they are exhausted. In this way, the 
pressure within the electron beam irradiation space 163 0 can be held 
low to irradiate an electron beam without problem. 

The annular groove may be in a double structure or in a 
triple structure depending on the pressure within the chamber or the 
pressure within the electron beam irradiation space 1630. 

For the high pressure gas supplied to the hydrostatic 
bearings, dry nitrogen is generally used. However, if possible, a 
highly pure inert gas is further preferable. This is because if 
impurities such as moisture and oil components are included in the 
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gas, these impurity molecules will attach on the inner surface of 
the housing which defines the vacuum chamber, and on the surfaces 
of components of the stage to deteriorate the degree of vacuum, and 
will attach on the surface of the sample to deteriorate the degree 
of vacuum in the electron beam irradiation space. 

In the foregoing description, the sample S is not generally- 
carried directly on the X-table, but carried on a sample base which 
has functions of removably holding the sample, and making a slight 
positional change with respect to the XY stage 16 03 , and so on . However, 
since the presence or absence of the sample base, and its structure 
are not related to the gist of the present invention, they are omitted 
for simplifying the description. 

Since the electron beam apparatus described above can use 
a hydrostatic bearing stage mechanism used in the atmosphere as it 
is, a highly accurate XY stage equivalent to a highly accurate stage 
for atmosphere used in an exposure apparatus and so on can be implemented 
in an XY stage for an electron beam apparatus substantially at the 
same cost and in the same size. 

The structure and positioning of the static pressure guides 
and actuators (linear motors) described above are merely one embodiment 
in all sense, and any of static pressure guides and actuators can 
be applied if it is usable in the atmosphere. 

Next, Fig. 45 shows exemplary values for the sizes of the 
annular member 1626 of the differential exhaust mechanism, and the 
annular groove formed therein. In this example, the annular groove 
has a double structure comprised of 1627a and 1627b which are spaced 
apart in a radial direction. A flow rate of the high pressure gas 
supplied to the hydrostatic bearings is generally at about 20 L/min 
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(converted to the atmospheric pressure) . Assuming that the vacuum 
chamber C is evacuated by a dry pump having an exhausting rate of 
20000 L/min through a vacuum pipe having an inner diameter of 50 mm 
and a length of 2 m, the pressure in the vacuum chamber is approximately 
160 Pa (approximately 1.2 Torr) . In this event, if the dimensions 
of the annular member 1626 of the differential exhaust mechanism, 
annular groove and so on are determined as shown in Fig . 45 , the pressure 
in the electron beam irradiation space 1630 can be set at 10" 4 Pa 
(10- 6 Torr) . 

The differential exhaust mechanism is not limited in shape 
to the concentric shape as in this embodiment , but maybe in a rectangular 
or a polygonal shape, as long as it can maintain the pressure in the 
electron beam irradiation space 1630 at a predetermined pressure. 
In addition, it may not be provided over the entire periphery but 
a portion thereof. 

Fig. 46 illustrates a piping system for the apparatus 
illustrated in Fig. 44. The vacuum chamber C defined by the housing 
1614 is connected to a dry vacuum pump 1653 through vacuum pipes 1674, 
1675. Also, the annular grove 1627 of the differential pumping 
mechanism 1625 is connected to a turbo molecular pump 1651, which 
is an ultra-high vacuum pump, through a vacuum pipe 1670 connected 
to the exhaust port 1628. Further, the inside of the column 1601 is 
connected to a turbo molecular pump 1652 through a vacuum pipe 1671 
connected to an exhaust port 1618. These turbo molecular pumps 1651, 
1652 are connected to the dry vacuum pump 1653 through vacuum pipes 
1672, 1673. (While in Fig. 46, a single dry vacuum pump is in double 
use for a roughing pump as the turbo molecular pump and a vacuum 
evacuation pump for the vacuum chamber, it is contemplated that separate 
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dry vacuum pumps may be used for evacuation depending on the flow 
rate of the high pressure gas supplied to the hydrostatic bearings 
of the XY stage, the volume and inner surface area of the vacuum chamber, 
and the inner diameter and length of the vacuum pipe.) 

The hydrostatic bearing of the XY stage 1603 are supplied 
with highly pure inert gas (N 2 gas, Ar gas or the like) through the 
flexible pipes 1621, 1622. The gas molecules blown out from the 
hydrostatic bearings diffuse in the vacuum chamber, and are exhausted 
by the dry vacuum pump 2353 through the exhaust ports 1619, 1620a, 
1620b. Also, the gas molecules introducing into the differential 
exhaust mechanism and the electron beam irradiation space are chucked 
from the annular groove 1627 or the leading end of the column 1601, 
exhausted by the turbo molecular pumps 1651 and 1652 through the exhaust 
ports 1628 and 1618, and exhausted by the dry vacuum pump 1653 after 
they have been exhausted by the turbo molecular pump. 

In this way, the highly pure inert gas supplied to the 
hydrostatic bearings is collected and exhausted by the dry vacuum 
pump . 

On the other hand, the dry vacuum pump 1653 has an exhaust 
port connected to a compressor 1654 through a pipe 1676, while the 
compressor 2316 has an exhaust port connected to the flexible pipes 
1621, 1622 through pipes 1677, 1678, 1679 and regulators 1661, 1662. 
Therefore, the highly pure inert gas exhausted from the dry vacuum 
pipe 1653 is again pressurized by the compressor 1654, regulated to 
a proper pressure by the regulators 1661, 1662, and again supplied 
to the hydrostatic bearings of the XY-table. 

As described above, the gas supplied to the hydrostatic 
bearings must be purified as high as possible to maximally exclude 
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moisture and oil components, so that the turbo molecular pumps, dry- 
pump and compressor are required to have structures which prevent 
moisture and oil components from introducing into gas flow paths. 
It is also effective to provide a cold trap, a filter or the like 
(1660) in the middle of the discharge side pipe 1677 of the compressor 
to trap impurities such as moisture and oil components mixed in a 
circulating gas such that they are not supplied to the hydrostatic 
bearings . 

In this way, since the highly pure inert gas can be circulated 
for reuse, the highly pure inert gas can be saved. In addition, since 
the inert gas is not supplied in an uncontrolled manner into a chamber 
in which the apparatus is installed, the possibility of accidents 
such as suffocation by the inert gas can be eliminated. 

The circulating pipe system is connected to a highly pure 
inert gas supply system 1663 which serves to fill the highly pure 
inert gas into the entire circulating system including the vacuum 
chamber C, vacuum pipes 1670 - 1675, and pressurizing pipes 1676 - 
1680, and to supply the shortage if the flow rate of the circulating 
gas is reduced by some cause. 

It is also possible to use a single pump as the dry vacuum 
pump 1653 and the compressor 1654 by providing the dry vacuum pump 
1653 with a function of compressing to the atmospheric pressure or 
higher. 

Further, the ultra-high vacuum pump for use in evacuating 
the column may be implemented by a pump such as an ion pump, a getter 
pump instead of the turbo molecular pump. However, when such an 
entrapment vacuum pump is used, a circulating piping system cannot 
be build in this portion. Also, a dry pump of another configuration 
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such as a diaphragm dry pump may of course be used instead of the 
dry vacuum pump . 

Similarly to the ninth embodiment, the tenth embodiment 
described with reference to Figs. 44 - 46 comprises the optical system 
and the detection system described in Fig. 43 . In the tenth embodiment , 
the description on Fig. 43 is incorporated herewith by reference. 
Also, as described in the ninth embodiment, When the tenth embodiment 
of the present invention is used in the testing process (G) or the 
exposure process (c) in the device manufacturing method described 
with reference to Figs. 3 and 4(a) , 4 (b) , fine patterns can be stably 
tested or exposed at a high accuracy, thereby making it possible to 
improve the yield rate of products and prevent defective products 
from being shipped. In this regard, the description related to Figs . 
3 and Figs. 4(a) , 4(b) is incorporated herewith by reference and is 
omitted herein. 

Embodiment Relating to Lenses in Optical System (Eleventh Embodiment) 
An eleventh embodiment of the present invention relates 
to an electron beam apparatus for evaluating patterns and so on formed 
on the surface of a sample, and a device manufacturing method for 
evaluating a sample in the middle of a process or at the end of the 
process using the electron beam apparatus, and more particularly, 
to an electron beam apparatus which is capable of performing a variety 
of evaluations for testing a device on a sample or the like for defects 
on patterns having a minimum line width of 0.1 micron or less, CD 
measurement, potential contrast measurement, high time resolution 
potential measurement, and so on at a high throughput and high 
reliability, and a device manufacturing method for evaluating a sample 
in the middle of a process or at the end of the process using such 
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an electron beam apparatus. 

A variety of techniques have been reported on apparatuses 
for observing a sample including an insulatingmaterial for evaluation . 
Among these techniques, stating about a scanning electron microscope , 
a known apparatus has a charge -up sensing function of measuring a 
beam current of a primary beam, a current absorbed into a sample, 
the amount of electron beam reflected from an irradiating apparatus, 
the amount of emitted secondary electron beam, and so on to evaluate 
a charge-up state. 

However, since the conventional scanning electron 
microscope as mentioned above scans a thin electron beam, i.e., a 
beam on the surface of a sample, it has a problem of significantly 
degraded throughput for evaluating a sample having a large area. Also, 
the known charge-up sensing function is required to measure a variety 
of currents at a high time resolution, so that the charge-up state 
cannot be correctly detected at all times. 

The eleventh embodiment of the present invention, for 
solving the above problem, provides an electron beam apparatus which 
improves the structure of lenses in an optical system to reduce the 
size of the optical system; an electron beam apparatus which improves 
a throughput as well as improves the charge-up sensing function to 
have a higher reliability for evaluation, and a device manufacturing 
method which is capable of evaluating a sample in the middle of a 
* process or at the end of the process at a high manufacturing yield 
rate, using an electron beam apparatus as mentioned above. 

In the following, the eleventh embodiment of the electron 
beam apparatus according to the present invention will be described 
with reference to the drawings . In Fig. 47, an electron beam apparatus 
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1701 comprises a primary electro-optical system (hereinafter simply 
called the "primary optical system" ) 1710, a secondary electro-opt ical 
system (hereinafter simply called the "secondary optical system") 
1720, and a detecting system 1730. The primary optical system 1710, 
which is an optical system for irradiating an electron beam to the 
surface of an object under evaluation (hereinafter called the "sample" ) 
S such as a wafer, comprises an electron beam source 1711 for emitting 
an electron beam, i.e., an electron beam; a condenser lens 1712 for 
converging a primary electron beam emitted from the electron beam 
source 1711; a Wien filter 1715; and an objective lens 1716. These 
are positioned as illustrated in Fig. 48. Reference numerals 1714 
and 1717 designate aligners for aligning the primary electron beam; 
1718 a deflector for scanning the primary electron beam; and 1719 
an axially symmetric electrode. 

The secondary optical system 1720 is positioned along an 
optical axis which is oblique with respect to the optical axis of 
the primary optical system. Though not shown in Fig. 47, the secondary 
optical system may comprise at least one lens. The detecting system 
1730 comprises a detector 1731 , and an image f ormingunit 1733 connected 
to the detector 1731 through an amplifier 1732. 

The sample S is removably supported by a holder 1741 on 
an XY stage 1740 by a known method, and is supported by the XY stage 
1740 for movements in two orthogonal axial directions (in the left 
and right directions and the direction vertical to the sheet in Fig. 
47) . 

The electron beam apparatus 1701 comprises a retarding 
voltage applying unit (hereinafter called the "applying unit") 1750 
electrically connected to the holder 1741; and a charge-up checking 
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and retarding voltage determining system (hereinafter called the 
"checking/determining system") 1760. The checking/determining 
system 1760 comprises a monitor 1761 electrically connected to the 
image forming unit 1733; an operator 1762 connected to the monitor 
1761; and a CPU 1763 connected to the operator 1762. The CPU 1763 
supplies signals to the applying unit 1750 and the deflector 1717. 

In the eleventh embodiment, since a condenser lens 1712 
is substantially identical in structure to an objective lens 1716, 
the condenser lens 1712 will be described in detail , taken as an example . 
The condenser lens 1712, which is an electrostatic axially symmetric 
lens, is formed by cutting a ceramics bulk such that an axial 
cross-section thereof has a shape as shown in Fig. 47. Specifically, 
the condenser lens 1712 includes a body 1712-1 made of ceramics . This 
body 1712-1 is formed with a planar shape in an annular configuration 
to define a circular hole 1712-2 in a central portion, and the inner 
peripheral side is partitioned into three plate-shapedportions 1712-3 
to 1712-5 separated in the vertical direction (the direction along 
the optical axis) in Fig. 47. The outer periphery of the body 1712-1 
made of ceramics, particularly, surroundings of the plate-shaped 
portions 1712-3 to 1712-5 are coated with metal coating films 1712-6 
tol712-8. These coating films 1712-6 to 1712-8 function as electrodes 
(an upper electrode 1712-6, an intermediate electrode 1712-7, and 
a lower electrode 1712-8), respectively. The coating films, i.e., 
upper and lower electrodes 1712-6 and 1712-8 are applied with a voltage 
close to the ground, while the middle coating film, i.e., intermediate 
electrode 1712-7 is applied with a positive or negative high voltage 
having a large absolute value by an electrode fitting 1712-9 disposed 
in the body 1712-1, thereby acting as a lens. Such a lens has a high 
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working accuracy since a ceramics bulk is cut and simultaneously worked, 
and can be reduced in the dimension of outer diameter. 

Since the electron beam apparatus in this embodiment can 
reduce the outer diameter of the lens , the column containing the electron 
beam apparatus can also be reduced in the outer diameter. Therefore, 
for a sample such as a wafer having a large diameter, a plurality 
of columns can be arranged for a single wafer. For example, assuming 
that the outer diameter (diameter) of the lens is chosen to be 40 
mm, a total of eight columns 1702, arranged in four in the X-direction 
and two in the Y-direction, as illustrated in Fig. 48, can be arranged 
for one sample. Then, the stage (not shown) , which holds the sample 
S, is sequentially moved in the Y-direction while the sample is scanned 
by the respective columns in the X-direction for evaluation, thereby 
achieving a throughput seven or eight times as high as the evaluation 
using only one electron beam. 

In the electron beam apparatus described above, a primary 
electron beam, i.e., a beam emitted from the cathode 1711-1 of the 
electron beam source 1711 in the primary optical system 1710 is 
accelerated by the anode 1711-2. A crossover image of the electron 
beam source created by the primary electron beam is reduced by the 
condenser lens 1712 and the objective lens 1716 into a thin beam of 
approximately 50 nm which is scanned on the sample S for irradiation. 
A secondary electron beam emitted from the sample by the irradiation 
of the primary electron beam is accelerated by the axially symmetric 
electrode 1719 toward the objective lens. As the secondary electron 
beam is passed toward the objective lens 1716 or returned to the sample 
side by the axially symmetric electrode 1719, a potential contrast 
can be produced for a sample pattern. 
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The secondary electron beam passing through the objective 
lens is separated from the primary optical system 1710 by the Wien 
filter 1715, introduced into the secondary electro-optical system 
(hereinafter simply called the "secondary optical system") 1720, and 
detected by the detector 1731 in the detecting system 1730. The 
detector 1731 transduces the detected secondary electron beam image 
into an electric signal indicative of the intensity thereof. The 
electric signal output from each detector in this way is amplified 
by the corresponding amplifier 1732, input to the image forming unit 
1733, and converted into image data in this image forming unit. Since 
the image forming unit 1733 is further supplied with a scanning signal 
for deflecting the primary electron beam, the image forming unit 
displays an image which represents the surface of the sample S. By 
comparing this image with a reference pattern, defects on the sample 
S can be detected. While this embodiment uses a single electron beam, 
a plurality of beams may be preferred to the single beam in view of 
an improvement in throughput . 

The image data converted by the image forming unit 1733 
is displayed as an image by the display device 1761 of the 
checking/determining apparatus 1760, and the image is evaluated by 
the operator 1762. The operator 1762 executes a charge-up checking 
function in this embodiment. Also, the operator 1762 can check a 
charge-up state based on the image. Then, the result is input to the 
CPU 1763, and a retarding voltage is set to an optimal value. The 
CPU 1763 constitutes a retarding voltage determining unit in this 
embodiment . 

More specifically, as shown in Fig. 49 [A] , evaluation is 
made on a location of a sample under evaluation vulnerable to the 
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influence of charge-up, i.e., a corner region of a memory cell 1771 
in a chip 1770 formed on the surface of a wafer as a sample . Specifically, 
(1) the amounts of distortions in patterns 1773, 1774 are measured 
onamemory cell boundary 1772 in the corner region, or (2) the contrasts 
of signal strengths produced when the corner region of the memory 
cell was scanned so as to cross the pattern (as indicated by arrows 
Al and A2) may be displayed as solid lines 1775 and 1777 in Fig. 49 [B] , 
for comparison with contrasts 1776 and 1778 (both indicated by broken 
lines in Fig. 49 [B] ) of signal strengths produced when patterns were 
scanned along arrows A3, A4 in a central region of the chip. 

The retarding voltage applying unit 1750 was applied with 
a plurality of values of voltages, and the amounts of distortions 

1773 and 1774 or the contrasts 1775, 1777 and 1776, 1778 were measured 
each time a voltage was applied. A less amount of distortion 1773, 

1774 is evaluated as being less affected by the charge-up. Also, the 
value of contrast 1775, 1777 in the corner region closer to the value 
of contrast in the central region is evaluated as being less affected 
by the charge -up. 

When a retarding voltage is found with a satisfactory 
charge-up state, this value is applied to the applying unit 1750 through 
the CPU 1763, or if values of optimal beam currents are found, the 
sample or wafer is evaluated with these values. 

The eleventh embodiment of the present invention can be 
used in the testing process (G) in the device manufacturing method 
described with reference to Figs. 3 and 4(a), 4(b). In this way, 
semiconductor devices even having fine patterns can be tested at a 
high throughput, so that a total inspection can also be conducted, 
thereby making it possible to improve the yield rate of products and 
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prevent defective products from being shipped. In this regard, the 
description related to Figs. 3 and Figs. 4(a) , 4(b) is incorporated 
herewith by reference and is omitted herein. 

Embodiment Relating to Detection of Defects (Twelfth Embodiment) 

A twelfth embodiment of the present invention relates to 
a defect testing apparatus for testing a sample such as a semiconductor 
wafer for defects by comparing an image of the sample with a previously 
prepared reference image, and a semiconductor device manufacturing 
method for manufacturing semiconductor devices using such a defect 
testing apparatus. 

Conventionally, a defect test ing apparatus has been utilized 
in semiconductor manufacturing processes and so on for testing a sample 
such as a semiconductor wafer for defects by detecting a secondary 
electron beam generated by irradiating the sample with a primary 
electron beam. Such a defect testing apparatus involves a technique 
which applies an image recognition technique to automate the testing 
for defects and improve the efficiency thereof . This technique causes 
a computer to match pattern image data of a region under testing on 
the surface of a sample acquired by detecting a secondary electron 
with previously stored reference image data of the surface of the 
sample to automatically determine the presence or absence of defects 
on the sample based on the result of processing. 

Recently, increasingly higher definitions are required for 
patterns, particularly in the field of semiconductor manufacturing, 
so that the need for detecting fine defects has been increased. Under 
such a circumstance, a further improvement in recognition accuracy 
is required as well for the defect testing apparatus which applies 
the image recognition technique as mentioned above. 
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However , the aforementioned prior art experiences a problem 
of discrepancy in position between an image of a secondary electron 
beam captured by irradiating a primary electron beam to a region under 
testing on the surface of the sample and a previously prepared reference 
image to degrade the accuracy of detecting defects . This discrepancy 
in position constitutes a grave problem particularly when an 
irradiating area of the primary electron beam shifts with respect 
to the wafer so that a portion of a pattern under testing is lost 
from a detected image of the secondary electron beam. This problem 
cannot be addressed only by a technique for simply optimizing a matching 
region within a detected image (see Japanese Patent Publication No. 
6-95340) . This can be a critical disadvantage, particularly, in 
testing for high definition patterns. 

The twelfth embodiment of the present invention, to solve 
the problem mentioned above, provides a defect testing apparatus for 
preventing a degraded defect testing accuracy due to the discrepancy 
in position between an image under testing and a reference image; 
and a semiconductor manufacturing method for improving the yield rate 
for device products and preventing defective products from being 
shipped by testing a sample for defects using a defect testing apparatus 
as mentioned above in a semiconductor device manufacturing process. 

Fig. 50 illustrates a general configuration of the defect 
testing apparatus according to the twelfth embodiment of the present 
invention. This defect testing apparatus comprises an electron beam 
source 1801 for emitting a primary electron beam; an electrostatic 
lens 1802 for deflecting and reshaping the emitted primary electron 
beam; a Wien filter 1803 for deflecting the shaped primary electron 
beam in a field in which an electric field E and a magnetic field 
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B are orthogonal to each other such that the primary electron beam 
impinges substantially perpendicularly to a semiconductor wafer 1805 ; 
an objective lens 1810 for focusing the deflected primary electron 
beam on the wafer 1805; a stage 1804 disposed in a sample chamber, 
not shown, which can be evacuated to vacuum and ismovable ina horizontal 
plane with the wafer 1805 carried thereon; an electrostatic lens 21806 
of a image projection system for imaging and projecting a secondary 
electron beam emitted from the wafer 1805 by the irradiation of the 
primary electron beam and/or a reflected electron beam at a 
predetermined magnification to form an image; detector 1807 for 
detecting the formed image as a secondary electron beam image of the 
wafer; and a controller 1816 for controlling the overall apparatus 
and executing the processing for detecting defects on the wafer 1805 
based on the secondary electron beam image detected by the detector 
1807. The secondary electron beam image includes a contribution by 
reflected electrons as well as a contribution by the secondary electron 
beam. 

In addition, between the objective lens 1810 and the wafer 
1805, a deflecting electrode 1811 is interposed for deflecting an 
incident angle of the primary electron beam to the wafer 1805 by an 
electric field or the like . The deflecting electrode 1811 is connected 
to a deflection controller 1812 for controlling the electric field 
of the deflecting electrode. This deflection controller 1812 is 
connected to the controller 1816 to control the deflecting electrode 
to generate an electric field in response to an instruction from the 
controller 1816 by the deflecting electrode 1811. The deflection 
controller 1812 can be implemented as a voltage controller for 
controlling a voltage applied to the deflecting electrode 1811. 
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The detector 1807 may be in an arbitrary configuration as 
long as it can transduce a secondary electron beam image formed by 
the electrostatic lens 1806 into a signal available for post -processing 
For example, as illustrated in detail in Fig. 55, the detector 1807 
comprises a multi-channel plate 1850; a scintillator screen 1852; 
a relay lens 1854; and an imager sensor 1856 comprised of a large 
number of CCD devices . The multi -channel plate 1850 comprises a large 
number of channels within the plate to generate a larger number of 
electrons while the secondary electrons focused by the electrostatic 
lens 1806 pass through the channels. In other words, the secondary 
electron beam is amplified. The scintillator screen 1852 generates 
fluorescent light by the amplified secondary electron beam to transduce 
the secondary electron beam into light . The relay lens 1854 introduces 
this fluorescent light into the CCD imager sensor 1856, and the CCD 
imager sensor 1856 converts an intensity distribution of secondary 
electrons on the surface of the wafer 1805 into an electric signal 
per device, i.e., digital image signal which is output to the controller 
1816. 

As illustrated in Fig. 50, the controller 1816 may comprise 
a general -purpose personal computer or the like. This computer 
comprises a controller body 1814 for executing a variety of control 
and operational processing in accordance with predetermined programs ; 
a CRT 1815 for displaying results of processing by the body 1814; 
and an input device 1818 such as a keyboard and a mouse for the operator 
to enter instructions. Of course, the controller 1816 may be built 
by hardware dedicated to the defect testing apparatus, a workstation, 
or the like. 

The controller body 1814 comprises a CPU, RAM, ROM, a hard 
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disk, all not shown, a variety of control boards such as a video board, 
and so on. On a memory such as RAM and hard disk, a secondary electron 
beam image storage region 1808 is allocated for storing an electric 
signal received from the detector 1807, i.e., digital image data 
representing a secondary electron beam image of the wafer 1805 . Also, 
on the hard disk, a reference image storage 1813 exists for previously 
storing reference image data of the wafer which is free from defects. 
Further, the hard disk stores a defect detecting program 1809 for 
reading the secondary electron beam image data from the storage region 
1808 to automatically detect defects on the wafer 1805 in accordance 
with a predetermined algorithm based on the image data, in addition 
to a control program for controlling the overall defect testing 
apparatus. This defect detect ing program 1809, details of which will 
be described later, has functions of matching a reference image read 
from the reference image storage 1813 with an actually detected 
secondary electron beam image to automatically detect a defective 
portion, and displaying a warning to the operator upon determining 
that defects are found. In this event, a secondary excessive current 
generated image 1817 may be displayed on a display screen of the CRT 
1815. 

Next , the action of the defect testing apparatus illustrated 
in Fig. 50 will be described, by way of example, with reference to 
flow charts illustrated in Figs. 52-54. First, as illustrated in 
a flow of a main routine of Fig. 52, the wafer 1805, under testing, 
is set on the stage 1804 (step 1900) . This may be in a manner in which 
a large number of wafers 1805 stored in a loader, not shown, are 
automatically set one by one on the stage 1804. 

Next , each of a plurality of images of regions under testing, 
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partially overlapping and displaced from one another on the XY plane 
of the surface of the wafer 1805 is captured (step 1904) . The plurality 
of regions under testing, the images of which should be captured, 
refer to rectangular regions designated by reference numerals 1832a, 
1832b, . . . , 1832k, . . . , for example, on the surface 1834 under testing 
of the wafer, as illustrated in Fig. 56. It can be seen that these 
are shifted in position, while partially overlapping, about a testing 
pattern 1830 of the wafer. For example, as illustrated in Fig. 51, 
16 images 1832 (images under testing) in the regions under testing 
are captured. Here, in the images illustrated in Fig . 51, a rectangular 
cell corresponds to one pixel (alternatively, may be a block unit 
larger than a pixel) , wherein a black painted cell corresponds to 
an image portion of the pattern on the wafer 1805. Details on this 
step 1904 will be described later with reference to a flow chart of 
Fig. 53. 

Next, the image data of the plurality of regions under testing 
captured at step 1904 is compared one by one with the reference image 
data stored in the storage 1813 (step 1908 in Fig. 52) to determine 
whether or not any defect is found on the tested surface of the wafer 
covered by the plurality of regions under testing. In this step, 
so-called matching between image data is executed, details of which 
will be described later with reference to a flow chart of Fig. 54. 

If it is determined from the result of comparison at step 
1908 that any defect is found on the tested surface of the wafer covered 
by the plurality of regions under testing (determined as affirmative 
at step 1912) , the existence of defect is warned to the operator (step 
1918) . As a method of warning, for example, a message notifying the 
existence of defect may be displayed on the display screen of the 
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CRT 1815, or an enlarged image 1817 of the pattern including the defect 
may be displayed simultaneously with this. Such a defective wafer 
may be immediately removed from the sample chamber 1803, and stored 
in another storage place separately from defect-free wafers (step 
1919) . 

If it is determined as the result of comparison at step 
1908 that the wafer 1805 is free of defect (determined as negative 
at step 1912) , it is determined whether or not more regions to be 
tested still remain on the wafer 1805 currently under testing (step 
1914) . If any region to be tested remains (determined as affirmative 
at step 1914) , the stage 1804 is driven to move the wafer 1805 such 
that another region to be tested from now on enters the irradiating 
region of the primary electron beam (step 1916) . Subsequently, the 
flow returns to step 1902, from which similar processing is repeated 
for the other region under testing. 

If no region to be tested remains (determined as negative 
at step 1914) , or after a defective wafer removing step (step 1919) , 
it is determined whether or not the wafer 1805 currently under testing 
is the last wafer, i.e., whether or not untested wafers remain in 
the loader, not shown (step 1920) . If not the last wafer (determined 
as negative at step 1920) , the tested wafer is stored in a predetermined 
storage place , and a new untested wafer is set on the stage 1804 instead 

(step 1922) . Subsequently, the flow returns to step 1902, from which 
similar processing is performed on this wafer. If the last wafer 

(determined as affirmative at step 1920) , the tested wafer is stored 
in a predetermined storage place, followed by termination of the while 
process . 

Next , a flow of the processing at step 1904 will be described 
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along a flow chart of Fig. 53. In Fig. 53, an image number i is first 
set to an initial value 1 (step 1930) . This image number is an 
identification number sequentially allocated to each of the plurality 
of image regions under testing. Next, an image position (Xi, Yi) is 

determined for a region under testing designated the set image number 
i (step 1932) . This image position is defined as a particular position 
in the region, for example, a central position in the region for defining 
a region under testing. At the present time, since i=l, the image 
position is indicated by (X]_, Yi) which corresponds to the central 

position of the region under testing 1832a illustrated in Fig. 16, 
by way of example. The image positions of all image regions under 
testing have been previously determined and stored, for example, on 
the hard disk in the controller 1816 from which it is read at step 
1932 . 

Next, the deflection controller 1812 applies a potential 
to the deflecting electrode 1811 such that the primary electron beam 
passing through the deflecting electrode 1811 in Fig. 50 is irradiated 
to an image region under testing at the image position (Xi, Yi) 

determinedat step 1932 (step 1934 in Fig . 53) . Next, a primary electron 
beam is emitted from an electron beam source 2501, passes through 
the electrostatic lens 1802, Wien filter 1803, objective lens 1810 
and deflecting electrode 1811, and is irradiated on the surface of 
the set wafer 1805 (step 1936) . In this event, the primary electron 
beam is deflected by an electric field created by the deflecting 
electrode 1811, and is irradiated over the entire image region under 
testing at the image posit ion (Xi, Yi) on the surf ace 1834 under testing 

of the wafer. When the image number i=l, a region under testing is 
indicated by 1832a. 
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From the region under testing irradiated with the primary- 
electron beam, a secondary electron beam and/or a reflected electron 
beam (hereinafter, the two are collectively called the "secondary 
electron beam") are emitted. Then, the generated secondary electron 
beam is focused on the detector 1807 at a predetermined magnification 
provided by the electrostatic lens 1806 in the magnification projection 
system. The detector 1807 detects the focused secondary electron beam, 
and transduces it into an electric signal per detector device, i.e. , 
digital image data which is then output (step 1938) . Next, the detected 
digital image data designated the image number i is transferred to 
the secondary electron beam image storage region 1808 (step 1940) . 

Next, the image number i is incremented by one (step 1942) , 
and it is determined whether or not the incremented image number (i + 1) 
exceeds a constant value Imax (step 1944) . This iMAX indicates the 

number of image under testing to be captured, and is "16" in the 
aforementioned example of Fig. 51. 

If the image number i does not exceed the constant value 
iMAX (determined as negative at step 1944) , the flow returns again 
to step 1932, where an image position (Xi + i, Yi + i) is again determined 

for the incremented image number (i + 1) . This image position indicates 
a position shifted from the image position (Xj_, YjJ determined in 
the preceding routine by a predetermined distance (AXi, AYi) in the 

X-direct ion and/or Y-direct ion. In the example of Fig . 56, the region 
under testing is located at a position (X2, Y2) shifted from (Xi, 
Yi) only in the Y-direction, and covers a rectangular region 1832b 
indicated by a broken line . The values (AXi, AYi) (i = l# 2, ijyiAX) 
can have been empirically determined as appropriate from data on how 
much the pattern 183 0 on the surface 1834 under testing of the wafer 
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actually shifts from the field of view of the detector 1807, and the 
number and area of regions under testing. 

Then, the processing at steps 1932 - 1942 is repeatedly 
executed in sequence for iMAX regions under testing. As illustrated 

in Fig. 56, these regions under testing are shifted in position, while 
partially overlapping, on the surface 1834 under testing of the wafer, 
such that an image position (Xk, Yk) after shifted k times indicates 

an image region under testing 1832k. In this way, 16 image data under 
testing illustrated in Fig. 51 are stored in the image storage region 
1808. It can be seen that the plurality of captured images 1832 (images 
under testing) of the plurality of regions under testing have partially 
or completely captured over the image 1830a of the pattern 1830 on 
the surface 1834 under testing on the wafer, as illustrated in Fig. 
56. 

If the incremented image number i exceeds ijyiAX (determined 
as affirmative at step 1944) , this subroutine is returned to proceed 
to the comparison step (step 1908) in the main routine of Fig. 52. 

The image data transferred to the memory at step 1940 is 
comprised of the intensity value (so-called beta data) of secondary 
electrons per pixel detected by the detector 1807 . For matching with 
the reference image at the later comparison step (step 1908 in Fig. 
52) , they may be stored in a storage region 8 after applied with a 
variety of operational processing. Such operational processing 
includes, for example, normalization for fitting the size and/or 
concentration of image data to the size and/or concentration of 
reference image data; processing for removing a group of isolated 
pixels below a predetermined number of pixels as noise; and so on. 
Further, rather than simple unprocessed data, image data may have 
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been compress converted into a feature matrix which extracts features 
of a detected pattern to the extent of avoiding a degradation in the 
detection accuracy of the high definition pattern. Such a feature 
matrix may be an mxn feature matrix or the like, which has a total 
sum of secondary electron beam intensity values of pixels included 
in each of mxn blocks (m<M, n<N) divided, for example, from a 
two-dimensional region under testing comprised of MxN pixels (or a 
normalized value derived by dividing the total sum value by the total 
number of pixels over the entire region under testing) as each matrix 
component. In this event, the reference image data is stored in the 
same representation as well . The image data referred to in the eleventh 
embodiment encompasses feature extracted image data by an arbitrary 
algorithm in this manner, not mention to simple unprocessed data. 

Next, a flow of the processing at step 1908 will be described 
along a flow chart of Fig. 54. First, the CPU in the controller 1816 
reads the reference image data from the reference image storage 1813 
(Fig. 50) onto a working memory such as RAM (step 1950) . This reference 
image is designated by reference numeral 1836 in Fig. 51. Then, the 
image number i is reset to 1 (step 1952) , and image data under testing 
designated the image number i is read onto the working memory from 
the storage region 1808 (step 1954) . 

Next, the read reference image data is matched with data 
of an image i to calculate a distance value Di between both (step 
1956) . This distance value Di represents the similarity between the 
reference image and the image i under testing, and a larger distance 
value indicates a larger difference between the reference image and 
the image under testing. Any arbitrary value may be employed as the 
distance value Di as long as it is an amount representative of the 
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similarity. For example, when image data is comprised of MxN pixels, 
a secondary electron beam intensity (or feature amount) of each pixel 
is regarded as each position vector component of an MxN-dimensional 
space, and a Euclidean distance or correlation coefficient may be 
calculated between a reference image vector and a vector of the image 
i on this MxN-dimensional space. Of course, a distance other than 
the Euclidean distance, for example, a so-called urban distance or 
the like maybe calculated. Further, as a large number of pixels require 
an immense amount of operations, the distance value between respective 
image data represented by mxn feature vectors may be calculated as 
described above. 

Next, it is determined whether or not the calculated distance 
value Di is smaller than a predetermined threshold Th (step 1958) . 

The threshold Th can be empirically found as a reference for determining 
sufficient matching between the reference image and an image under 
testing . 

If the distance value Di is smaller than the predetermined 
threshold Th (determined as affirmative at step 1958) , "non-defective" 
is determined for the tested surface 1834 on the wafer 1805 (step 
1960), followed by returning the subroutine. Specifically, 
"non-defective" is determined if any one of images under testing 
substantially matches the reference image. In this way, all images 
under testing need not be matched with the reference image, so that 
the determination can be made at a high speed. In the example of Fig. 
51, it can be seen that an image under testing at the third row, third 
column substantially matches the reference image without discrepancy 
in position. 

If the distance value Di is equal to or larger than the 
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predetermined threshold Th (determined as negative at step 1958) , 
the image number i is incremented by one (step 1962) , ad it is determined 
whether or not the incremented image number (i + 1) exceeds the constant 
value iMAX (step 1964) . If the image number i does not exceed the 
constant value iMAX (determined as negative at step 1964) , the flow 
again returns to step 1954, where image data designated by the 
incremented image number (i+1) is read, and similar processing is 
repeated. 

If the image number i exceeds the constant value iMAX 
(determined as affirmative at step 1964) , "defective" is determined 
for the surface 1834 under testing on the wafer 1805 (step 1966) , 
followed by returning the subroutine. Specifically, "defective" is 
determined unless all images under testing substantially match the 
reference image. 

The defect testing apparatus according to the twelfth 
embodiment of the present invention can be used in the testing process 
(G) in the device manufacturing method described with reference to 
Figs. 3 and 4(a), 4(b) . In this event, semiconductor devices even 
having fine patterns can be tested for defects at a high accuracy 
without image fault on the secondary electron image, thereby making 
it possible to improve the yield rate of products and prevent defective 
products from being shipped. In this regard, the description related 
to Figs. 3 and Figs. 4 (a) , 4 (b) is incorporated herewith by reference 
and is omitted herein. 

The twelfth embodiment of the present invention is not 
limited to those items so far described, but maybe arbitrarily modi f ied. 
For example, while the semiconductor device 1805 has been presented 
as an example of a sample under testing, samples under testing directed 
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by the present invention are not limited thereto, but any arbitrary 
one can be selected as long as defects thereon can be detected by 
an elect ron beam . For example , a mask formed with a pattern for exposure 
to a wafer, and so on may be subjected to the testing. 

Also, the twelfth embodiment of the present invention can 
be applied to an arbitrary apparatus which can capture an image which 
can be tested for defects on a sample. 

Further, the deflecting electrode 1811 can be placed at 
an arbitrary posit ion, not limited to the posit ion between the obj ective 
lens 1810 and the wafer, as long as it can change an irradiating region 
of the primary electron beam. For example, it may be placed between 
the Wien filter 1803 and the objective lens 1810, between the electron 
beam source 1801 and the Wien filter 1803, and so on. Furthermore, 
the deflecting direction may be controlled by controlling the field 
generated by the Wien filter 1803. In other words, the Wien filter 
1803 may be provided with the function of the deflecting electrode 
1811. 

Also, when image data are matched in the twelfth embodiment, 
either pixels or feature vectors are matched. Alternatively, both 
may be combined. For example, a high speed matching is conducted with 
feature vectors which require a less amount of operations, and as 
a result, for an image under testing exhibiting a high similarity, 
more detailed pixel data are matched. By such two-step processing, 
a high speed and accuracy can be simultaneously provided. 

Also, in the twelfth embodiment of the present invention, 
discrepancy in position of an image under testing is accommodated 
only by shifting the position of the irradiating region of the primary 
electron beam. Alternatively, it is also possible to combine the 
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processing for searching image data for an optimal matching region 
thereon (for example, regions having high correlation coefficients 
are detected for matching) with the present invention before or during 
the matching. In this way, large discrepancy in position of an image 
under testing can be accommodated by shifting the irradiating region 
of the primary electron beam in accordance with the present invention, 
while relatively small discrepancy in position can be absorbed by 
the digital image processing at a later step, thereby making it possible 
to improve the accuracy in detecting defects. 

Further, while the configuration in Fig. 50 has been 
illustrated as the electron beaimageparatus for testing for defects, 
the electro-optical system and so on can be arbitrarily modified. 
For example, while the electron beam irradiating means (1801, 1802, 
1803) of the illustrated defect detecting apparatus is of the type 
that directs the primary electron beam to the surface of the wafer 
1805 vertically from above, the Wien filter 1803 may be omitted so 
that the primary electron beam is directed obliquely to the surface 
of the wafer 1805. 

Also, the processing according to the flow chart of Fig. 
52 is not limited to that described in the figure. For example, while 
a sample determined as defective at step 1912 is not subjected to 
the testing of the remaining regions for defects, the flow of the 
processing may be changed to detect defects over the entire region. 
Also, if the entire tested region of a sample can be covered by one 
irradiation by expanding the irradiat ing region of the primary electron 
beam, step 1914 and step 1916 may be omitted. 

While the first embodiment through twelfth embodiment of 
the present invention have been described in detail, a term 
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"predetermined voltage" is assumed to mean a voltage at which a 
measurement such as testing is conducted in any embodiment. 

Also, while a variety of embodiments so far described employ 
electron beams as charge particle beams, the present invention is 
not limited to this, but charged particle beams other than electron 
beams, and non-charged particle beams such as neuron having no charge, 
laser light, and electromagnetic waves may be used. 

As the charged particle beam apparatus according to the 
present invention operates, a target object floats and is attracted 
to a high voltage region by a proximity interaction (charging of 
particles near a surface) , so that organic substances are deposited 
on a variety of electrodes used for formation and deflection of charged 
particle beams. The organic substance gradually deposited by the 
charged surface adversely affects the mechanisms for forming and 
deflecting the charged part icle beams , so that such a deposited organic 
substance must be periodically removed. Here, for periodically 
removing the deposited organic substance, preferably, an electrode 
near a region on which the organic substance is deposited is utilized 
to create a plasma of hydrogen, oxygen or fluorine, and substitutes 
including them such as HF, H2O, CMFN in a vacuum to maintain a plasma 

potential within the space at a potential at which the sputtering 
occurs on the surface of the electrode (several kV, for example 20 
V - 5 kV) to remove only the organic substance through oxidization, 
hydrogenization and f luoridization. 

Industrial Availability 

As will be understood from the first embodiment, the present 
invention can significantly improve the throughput as compared with 



-176- 



the prior art by providing a testing apparatus based on a charge particle 
beam. 

As will be understood from the second embodiment , the present 
invention produces distinct effects as follows. 

1. The general configuration can be established for a 
testing apparatus in accordance with an electron beam-type imaging 
projection scheme using charged particle beams, which can process 
objects under testing at a high throughput. 

2 . A clean gas is forced to flow to an object under testing 
within the mini -environment space to prevent dust from attaching to 
the object under testing, and a sensor is provided for observing the 
cleanliness , thereby making it possible to test the object under testing 
while monitoring dust within the space. 

3 . Since the loading chamber and the working chamber are 
integrally supported through a vibration isolator, an object under 
testing can be supplied to the stage device and tested thereon without 
affected by the external environment. 

4. Since the precharge unit is provided, a wafer made of 
an insulating material will not either be affected by charging. 

As will be understood from the third embodiment , the present 
invention produces distinct effects as follow. 

1 . Since the charged particle beam source is separated from 
the electro-optical system by a partition wall, a required degree 
of vacuum can be achieved independently for each section. 

2. Since the charged particle beam source is coupled to 
the electro-optical system through holes of small conductance, a large 
pressure difference can be taken between the charged particle beam 
source and the electro-optical system. 
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3. Since the partition wall is formed with holes at 
positions away from the optical axes of the respective charged particle 
beam sources, even if positive ions return along the optical axis 
from the sample or the electro-optical system to the cathode of the 
charged particle beam source, they are blocked by the partition wall, 
so that the cathode will not be damaged by positive ions. 

As will be understood from the fourth embodiment , the present 
invention produces distinct effects as follows. 

1. Since the electrodes or portions of the electrodes are 
coated with a metal having a work function of 5 eV or higher, secondary 
charged particle beam will hardly be emitted from the electrodes, 
so that a discharge is less likely to occur between electrodes, and 
a breakdown between electrodes is reduced. 

2. Since the electrodes or portions of the electrodes are 
coated withplatinum (work function: 5.3 [eV] ) or analloy which contains 
platinum as a main material, secondary charged particle beam will 
hardly be emitted from the electrodes, so that a discharge is less 
likely to occur between electrodes , and a breakdown between electrodes 
is reduced. 

3 . Even if the sample is a semiconductor wafer, attachment 
of platinum coated on the electrodes onto a pattern of the semiconductor 
wafer, if any, would not deteriorate the performance of a resulting 
device, so that the present invention is preferable for testing a 
semiconductor wafer. 

4 . The electrodes are supported by an insulating material , 
so that a discharge between electrodes, and hence a breakdown between 
electrodes hardly occur. 

5 . At least one of electrodes is shaped to have a step between 
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a first electrode surface and a second electrode surface and these 
electrode surfaces, so that the surface of the insulating material 
need not be formed with crimps, resulting in a lower manufacturing 
cost . 

6. Since the minimum creeping distance of the insulating 
material between electrodes is substantially equal to the distance 
between electrodes in a supported electrode portion, the surface of 
the insulating material is substantially free from ruggedness between 
the electrodes, and a gas exhausted from the insulating material will 
not be increased, so that the degree of vacuum will not be lowered 
in a beam path of the apparatus . 

As will be understood from the fifth embodiment , the present 
invent ionproduces a distinct effect in that the influence of chromatism 
produced by the ExB separator can be reduced due to an energy 
distribution of the primary charged particle beam or second charged 
particle beam. 

As will be understood from the sixth embodiment , the present 
invention produces distinct effects as follows. 

1. Since no optical sensor is required for measuring the 
level of the surface of a sample, the designing can be optimally 
accomplished between the objective lens and the sample only with the 
electro -optical system. 

2 . Since the charge particle beam scanning/detecting 
system can be focused only by adjusting a low voltage, a settling 
time can be reduced. In other words, the focusing can be performed 
in a short time. 

3 . Astigmatism can also be corrected in a short time during 
the focusing operation as required. 
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4 . Since a sample in the middle of a process can be evaluated 
in a short time, it is possible to increase the yield rate of the 
device manufacturing. 

As will be understood from the seventh embodiment, the 
present invention produces distinct effects as follows. 

1. A piezoelectric element is attached to a mechanical 
construction such that it receives a force from vibrations of the 
mechanical construction, and a vibration attenuating circuit is 
electrically connected to the piezoelectric element for attenuating 
electric energy output from the piezoelectric element, so that unwanted 
vibrations due to the resonance of the construction for aligning the 
beam can be appropriately attenuated so as to highly accurately maintain 
the alignment of the beam without necessarily increasing the rigidity 
of the construction . 

2. It is therefore possible to realize mitigation of 
constraints on the design, reduction in size and weight of the apparatus, 
and improvement on the economy. 

3. Highly efficient manufacturing, testing, working, 
observation and so on of semiconductor devices can be achieved by 
using the charged particle beam apparatus as described above in a 
semiconductor device manufacturing process. 

As will be understood from the eighth embodiment , the present 
invention produces distinct effects as follows. 

1. By an electrostatic chuck and a combination of a wafer 
and the electrostatic chuck, a voltage required to chuck and hold 
the wafer is applied associated with a voltage applied to the wafer, 
so that the wafer can be chucked and held without fail until the wafer 
has been tested. 
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2 . Even with a wafer centrally bowed in concave toward the 
electrostatic chuck, the front surface of the wafer can be securely 
chucked and held. Also, a discharge imprint formed on the wafer is 
reduced to a minimally required size, and an extremely small amount 
of particles occur during a discharge. 

3 . By using the electrostatic chuck of the present invention 
and a combination of a wafer and the electrostatic chuck in a device 
manufacturing method to securely chuck and hold the wafer on the 
electrostatic chuck on a moving stand during testing, semiconductor 
devices even having fine patterns can be tested at a high throughput, 
so that a total inspection can also be conducted. 

As will be understood from the ninth embodiment , the present 
invention produces distinct effects as follows. 

1. The stage device can demonstrate highly accurate 
positioning performance in vacuum, and the pressure at a charged 
particle beam irradiatedposition is hardly increased. In other words , 
a sample can be highly accurately processed by a charged particle 
beam; 

2 . A gas released from the hydrostatic bearings can hardly 
pass through the partition into the charged particle beam irradiating 
region. This can further stabilize the degree of vacuum at the charged 
particle beam irradiated position. 

3. An exhausted gas is difficult to pass to the charge 
particle beam irradiating region, thereby facilitating to stably hold 
the degree of vacuum at the charged particle beam irradiatedposition. 

4 . The vacuum chamber is divided into the charged particle 
beam irradiation chamber, a hydrostatic bearing chamber, and an 
intermediate chamber through a small conductance, and a vacuum 
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evacuation system is configured to set lower pressures from the charged 
particle beam irradiation chamber to intermediate chamber and to 
hydrostatic bearing chamber in this order, fluctuations in pressure 
to the intermediate chamber are suppressed by the partition, while 
fluctuations in pressure to the charge particle beam irradiation 
chamber is further reduced by another partition, thereby making it 
possible to reduce the fluctuations in pressure to a level at which 
substantially no problem arises. 

5 . An increase in pressure can be suppressed when the stage 

is moved; 

6 . An increase in pressure can be further suppressed to 
when the stage is moved. 

7 . Since a testing apparatus whichprovides highly accurate 
stage positioningperf ormance and a stable degree of vacuum in a charged 
particle beam irradiating region can be realized, it is possible to 
provide a testing apparatus which is high in testing performance and 
free from fear of contaminating the sample. 

8 . Since an exposure apparatus which provides highly 
accurate stage positioning performance and a stable degree of vacuum 
in a charged particle beam irradiating region can be realized, it 
is possible to provide an exposure apparatus which is high in exposure 
accuracy and free from fear of contaminating the sample. 

9. Fine semiconductor circuits can be formed by 
manufacturing semiconductors using an apparatus whichprovides highly 
accurate stage positioning performance and a stable degree of vacuum 
in a charged particle beam irradiating region. 

As will be understood from the tenth embodiment, the present 
invention produces distinct effects as follows. 
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1. A sample on the stage can be stably processed by means 
of a charged particle beam using the stage having a similar structure 
to a hydrostatic bearing type stage which is generally used in the 
atmosphere (a hydrostatic bearing stage having no differential pumping 
mechanism) . 

2. The influence on the degree of vacuum in the charge 
particle beam irradiating region can be minimized, so that the sample 
can be stably processed by means of the charged particle beam; 

3. It is possible to provide a testing apparatus which 
provides highly accurate stage positioning performance and a stable 
degree of vacuum in a charged particle beam irradiating region; 

4. It is possible to provide an exposure apparatus which 
provides highly accurate stage positioning performance and a stable 
degree of vacuum in a charged particle beam irradiating region; and 

5. Fine semiconductor circuits can be formed by 
manufacturing semiconductors using an apparatus which provides highly 
accurate stage positioning performance and a stable degree of vacuum 
in a charged particle beam irradiating region. 

As will be understood from the eleventh embodiment, the 
present invention produces distinct effects as follows: 

1. The throughput can be improved by an integer multiple 
proportional to the number of optical systems. 

2. Highly reliable evaluation can be made since a wafer 
is evaluated with the least charge-up state. 

3. Since the charge -up performance is not evaluated by 
measuring a variety of currents but with actual images, more correct 
evaluation results can be provided. 

As will be understood from the twelfth embodiment, the 
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present invention produces distinct effects as follows. 

1. Since a sample is tested for defects by capturing each 
of images of a plurality of regions under testing on the sample which 
are displaced from one another while partially overlapping, and 
comparing these images of the regions under testing with a reference 
image, it is possible to prevent a degraded defect testing accuracy 
due to discrepancy in position between the images under testing and 
the reference image. 

2. A sample can be tested to detect a defect using a defect 
testing apparatus as described above. 



